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ABSTRACT 

The MAGIC computer simulation generates target description data 
consisting of item-by-item listings of the target's components and air
spaces encountered by a large number of parallel rays emanating from any 
desired attack angle. A combinatorial geometry technique, which defines 
the locations and shapes of the various physical regions in terms of the 
intersections and unions of the volumes contained in a set of simple 
bodies, is us ed to represent complex target structures. A grid cell 
pattern is superimposed over the surface of the target and parallel rays 
are randomly located in each grid cell. 

This User Manual contains: 

(1) A detailed description of the input variables 
required to execute the program 

(2) A description of the output 

(3) A sample problem. 
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SUMMARY 

The MAGIC computer simulation generates target description data with the 
detail and completeness required for vulnerability studies . A combinatorial 
geometry technique is used in the simulation to represent a complex target 
structure. A large number of parallel rays, randomly located in grid cells, 
are traced through the target structure to produce item-by-item listings of 
the components and air spaces. 

COMBINATORIAL GEOMETRY TECHNIQUE 

The basic technique for a geometry description consists of defining the 
locations and shapes of the target physical regions (wall, equipment, etc.) 
utilizing the intersections and unions of the volumes of twelve simple body 
shapes. A special operator notation uses the symbols (+), (-),and (OR) to 
describe the intersections and unions. These symbols are used by the program 
to construct tables used in the ray-tracing portion of the program. 

GEOMETRICAL DESCRIPTION 

The user specifies the ~ype and location of each body used to describe 
the target; and identifies physical regions in terms of these bodies. Each 
region is assigned an identification code for use with vulnerability analyses. 
A three-dimensional coordinate system is established in relation to the 
target, which is enclosed by a rectangular parallelepiped. A grid plane is 
established according to the attack angle desired, and parallel rays, start
ing randomly from each grid cell, are traced through the target . 

INPUT 

In the normal operating mode, target description data is input by cards. 
A portion of the routine converts the data to the form required for ray
tracing. The input data is checked; if errors are detected, messages are 
printed out. Error-free target descr iption data may then be stored on mag
netic tape and input in this form on subsequent production mode operations. 

OUTPUT 

The basic output is the results of the ray-tracing computations. A list
ing is ob t ained, for each grid cell, of the line-of-sight thickness for each 
geometrical region t r aversed, the obliquity of the r ay with respect to the 
normal of the first surface of each region encountered, and the normal 
distance through each region. 

v i i 



TN4565-3-71 Vol I 

OPTIONAL ROUTINES 

Three optional routines are available to the user: special ray tracing 
used for target data checking; region volume calculations; and computing 
target presented area. 

PROGRAMMING 

The simulation, which is programmed using FORTRAN, requires a large
scale digital computer. The simulation is currently operational on both the 
CDG-6600 and BRL-BRLESC computers. 
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SECTION I 

INTRODUCTION 

The MAGIC computer simulation generates target description data with 
the detail and completeness required for vulnerability studies. The target 
description data consists of item-by-item listings of the components and 
air spaces encountered by a large number of parallel rays emanating from 
any attack angle and passing through any type of target. 

A combinatorial geometry technique is used to represent a complex 
three-dimensional target structure, s uch as a tank. in terms of sums, 
differences, and intersections of relatively simple bodies . The input 
for such a description consists of the geometric location and dimensions 
of the simple bodies followed by a region definition table consisting of 
a series of equations defining each region in terms of the simple bodies. 
In addition to the geometric description, a coded number is assigned to 
each region to identify its function. 

The computer routine superimposes a grid cell pattern over the surface 
of the target, as viewed from the attack angle desired, randomly locating 
parallel rays in each grid cell. The computer traces each ray through the 
target; and each target item encountered is listed sequentially and identified 
as to ray location in the grid, target identification, line-of-sight thick
ness, normal thickness, angle of obliquity, identification of the air space 
following the target, and line- of- sight distance through the air space. 

COMBINATORIAL GEOMETRY TECHNIQUE 

The combinatorial geometry technique has been developed to produce a 
model that is both accurate and suitable for a ray-tracing analysis 
program. The basic technique for a geometry description requires defining 
the locations and shapes of the various physical regions (wall, equipment, 
etc . ), utilizing the intersections and unions of the volumes of twelve 
simple bodies. The geometric bodies are as follows: 

(1) Rectangular parallelepipied 

(2) Box 

(3) Sphere 

(4) Right circular cylinder 

(5) Right elliptical cylinder 
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(6) Truncated right angle cone 

(7) Ellipsoid 

(8) Right angle wedge 

(9) Arbitrary convex polyhedron of four, five, or six sides 

(10) Truncated elliptic cone 

(11) Arbitrary surface 

(12) Torus 

A special operator notation uses the symbols (+), (-), and (OR) to 
describe the intersections and unions. These symbols are used by the pro
gram to construct tables used in the ray-tracing portion of the problem. 
If a body appears in a region description with a (+) operator, the region 
being described is wholly contained in the body. If a body appears in a 
region description with a (-) operator , the region being described is 
wholly outside the body. A region may be described in terms of several 
subregions lumped together by (OR) statements. 

The technique of describing a physical region is best illustrated by 
examples. Imagine a mallet consisting of two cylinders. Call the mallet 
head solid number 1 and the handle solid number 2. 

The two cylinders may be physically positioned and logically described 
in several ways. One way is to consider the handle and head as separate 
regions, as shown in Figure 1. The region description is region 1 = 1 and 
region 2 = 2-1. 

Solid 1 
.J I ===Solid 2 

----·~~ Reg 1 ~----R __ e~g_2 _____ __j~ 

FIG. 1. Mallet with Handle and Head as Separate Regions 
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Another way is to think of the handle extending into the head, as 
shown in Figure 2. A logical method of describing this mallet is region 1 = 
1-2 and region 2 = 2, indicating that the mallet head contains a cylindrical 
hole into which the handle is fitted. 

Solid 1 
Solid 2 

FIG . 2. Mallet with Handle Extending Into the Head 

Now consider a description of a mallet physically similar to that in 
Figure 2 but whose handle consists of two types of material, one outside 
the mallet head and the other inside the head, as shown in Figure 3. 
A logical way to describe this is region 1 = 1-2, region 2 = 2-1, and 
region 3 = 1+2. 

Solid 2 
Solid 1 

Reg 2 

FIG. 3 . Mallet with Handle Consisting of Two Types of Materials 

3 
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A fourth way is to lump the mallet head and handle into one region, 
considering them to be like materials, as shown in Figure 4. The descrip
tion then is region 1 = (OR) 1 (OR) 2 . This means that a point in region 1 
may be in either solid 1 or solid 2. 

Solid 1 

FIG. 4. Mallet with Head and Handle of Like Materials 

A rule of construction imposes the additional restriction that region 
descriptions include negation (-) of buttressing surfaces not otherwise 
necessary to the logical description of the region. That is, if points on 
the surface of body 2 are common to parts of the surface of body 3, as 
shown in Figure 5, the description of region 200 is 200 = (+2) (-3). 
Region 300 is defined as 300 = (+3) (-2). 

100 

Reg Region 
200 300 

Region J J 
Body 2 R . eg1.on 

Body 3 

1 
FIG. 5. Buttressing Surfaces 
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GEOMETRICAL DESCRIPTION 

The user of the program must specify the geometrical description by establishing two tables. The first table describes the type and location of the set of bodies to be used . The second table identifies the physical region in terms of these bodies. The computer program converts these tables into the form required for ray tracing. Note well: all the space must be divided into regions , and no point may be in more than one region. 

Coordinate System 

The geometric figures used to define the target are located relative to one another by the use of a three-dimensional coordinate system superimposed on available engineering drawings. A readily identifiable reference point 
should be designated from which the three-dimensional coordinate system can easily be constructed . On armored vehicles such as tanks, the intersection of the turret datum line and the center lines of the turret forms a natural reference point for the coordinate system origin as illustrated by the simplified tank in Figure 6 . 

Rectangular Parallelepipeds 'RPP) 

Once the coordinate system is established, the target is inclosed in an environment consisting of rectangular parallelepipeds (RPP's) . The RPP's are solid geometric figures used f or gross subdivisions of the target environment_. which consists of the air s urrounding and the ground under the target . 

Twelve RPP's are used for the nuclear analysis of targets, as shown in Figure 7, but only one RPP is required for conventional target analyses. Twelve RPP's should be considered for all target descriptions so as to 
standardize the target descriptions for use with either conventional or nuclear analyses. 

Identification Codes 

Each region is assigned an identification code for use with conventional vulnerability and MAGIC programs. A three-digit code is assigned to each component of the target, such as armor, gun tube; and a two-digit code is assigned to each space, such as inside air, outside air. A general division of identification codes might be as shown in Table 1. A component described using more than one region will have its ID assigned to each region. 

Grid 

All the rays that are traced through the target geometry ori ginate in 
the grid plane, which is a plane divided into equal squares called grid cells and oriented so that a ray passed perpendicularly from the center of the plane 

5 
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+Z 

•• 

FIG. 7. Twelve RPP ' s 
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ID Codes 

001-099 

100-199 

200-299 

300-399 

400-499 

500-599 

600-699 

700-799 

800-899 

900-998 

999 

TABLE 1. Identification Codes 

Component Codes 

Type of Component 

Internal components 

Types of armor 

Fuel components 

Miscellaneous exterior components 

Gun components 

Track suspension components* 

Wheel suspension components 

Power train components 

Miscellaneous components 

Not used at present 

The ground 

*ID Code 501 is reserved for the track; the computer assigns 502 if the 
track edge is hit. 

Space Number 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

Space Codes 

Type ot !>pace 

Not used at present 

External air 

Crew compartment air 

Not used at present 

Not used at present 

Engine compartment air 

Not used at present 

Not used at present 

Not used at present 

No further target 

NOTE: The operation of the MAGIC program will not allow assigning different 
space codes to bounding regions. In other words. a ray passing through the 
geometry cannot pass direc tly from outside air (01) to inside air (02). There 
must be a three-digit coded item between different space regions. 

8 
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to the target will intersect the target coordinate system origin. The grid 
plane is established with the following information: grid size~ attack angle 
of the target~ and back- off distance from the origin of the coordinate system. 

The attack angle is specified in terms of an azimuth and elevation angle 
using a right-handed coordinate system. A positive azimuth angle is measured 
from the positive X axis in a counterclockwise direction when viewed from 
above~ as shown in Figure 8. Elevation angles are measured from the X-Y 
plane positive upward. 

The back- off distance is the distance from the origin of the coordinate 
system used in the target description to the grid plane. All the rays orig
inating from a common grid plane must start in the same region; therefore, 
the grid plane must be placed within the bounds of one region. If the grid 
plane is to include the entire target, it must lie outside the target as 
described in the region description. If only a certain component of the 
target is to be considered (for instance, the engine of a tank), care must 
be taken to insure that the grid plane lies outside the engine as described, 
that it lies within the bounds of only one region, and that all rays end in 
a common region. 

Cellular Output 

The basic output of the MAGIC simulation consists of cellular output 
obtained from the ray tracing computations. The ray tracing phase is the 
process whereby rays (one for each cell) are traced perpendicularly from the 
grid plane through the target geometry. The calculated output for each ray 
consists of the line-of-sight thickness of each geometric region traversed, 
the obliquity (angle of incidence) of the ray with respect to the first 
surface of each region encountered (excluding air or spaces), and the normal 
or perpendicular distance through each region from the point of entry (exclud
ing air or spaces) . One unique feature of the program is that thicknesses 
of bounding geometric regions with like functional identifiers are cumulative. 
A representative vehicle section for target cell description data is shown 
in Figure 9. 

Data Input Error 

The simulation contains statements to check the validity of the target 
geometry data . Some of the errors are considered fatal and will cause execu
tion to terminate, while others will be noted and special error messages 
printed. A tally is maintained of the non-fatal errors; if they exceed a 
specifiednumber,execution terminates. Table 2 lists the error items and the 
subroutine in the simulation where the error check statement is located. 

9 
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Subroutine 

GENI 

RPPIN 

TABLE 2. Data Input Errors 

Description 

Body card does not contain correct 
body abbreviation 

Minor radius of torus equal to or 
greater than major radius 

Semi-major and semi-minor axes of 
truncated elliptical cone are not 
perpendicular or height vector ls 
parallel to base 

Radii of upper and lower bases same 
for truncated elliptical cone 

Vectors used to describe a box, 
right angle wedge, or truncated 
elliptical cone are not mutually 
perpendicular 

Storage locations for body data 
exceed allowable value 

Logical operator was not located 

Storage locations for region data 
exceed allowable value 

Number of regions in region table 
input does not match the number 
of regions specified 

Number of body description cards 
does not match the number speci
fied 

Region description error 

Storage for enter/leave table 
exceeded 

RPP description errors 

12 

Error Type 

Fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Fatal 

Fatal 

Fatal 

Fatal 

Fatal 

Fatal 

Fatal 

Fatal 



Subroutine 

ALBERT 

VOLUM 

MAIN 

CALC 

Gl 

WOW! 

ARS 

RPP 

AREA 

TABLE 2. (Concluded) 

Description 

Undefined plane in arbitrary con
vex polyhedron (ARB) input 

Four points describing a face of 
of ARB are not in a plane 

Error in numering points of ARB 

Next region number negative 

No storage available for region 
identification data 

Error in body type number 

No normal found for arbitrary 
surface 

Error in body type number 

No intersect found in region 

Error in body number of inter
sected RPP 

Error in surface number of inter
sected RPP 

No entries in region enter tab le 

No region found for present point 

Distance to next region is less 
than zero 

Error in body type number 

Data in hit table is in error 

More than two surfaces of RPP 
were intersected 

Storage for area data exceeded 
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Error Type 

Non-fatal 

Non-fatal 

Non-fatal 

1 Fatal 

Fatal 

Fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Fatal 
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OPTIONAL ROUTI NES 

Three optional subroutines- -TESTG, VOLUM, and AREA--are available to 
the user for performing special computations . 

Subroutine TESTG 

This routine may be used to trace a specified number of rays in any 
port ion of the target . These special computations are useful in checking 
the input data tar get geometry and region specifications. 

Subroutine VOLUM 

This routine may be used to compute the volume of each region contained 
within a specified portion of the target. An imaginary box is specified, and 
the volume of each region in the box is computed. 

Subroutine AREA 

This routine may be used to compute the presented area of the target as 
viewed from the specified attack angle. The presented area data is categor
ized according to the component identification number of the first component 
struck by the rays and t o the total target. 

14 
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SECTION II 

INPUT 

Three types of target descr iption data are required by the MAGIC 
computer program. One type is the geometric figures that are used to 
approximate the solid bodies comprising the target. If these figures 
were put into a perspective drawing, they would look like a haphazard, 
generally unrecognizable collection of lines and surfaces. The second 
type of target description data combines the geometric figures into regions 
forming t he actual components of the target. If each region were identi
fied by a unique color or shading , the shapes that appear would closely 
resemble the components of the target being described. The third type 
of target description data assigns ident ification code numbers to the 
defined regions of the target. 

These three types of description data are illustrated in Figure 10 
and Tables 3 , 4, and 5. Figure 10 shows the target as a simplified tank 
described by eleven geometric figures and eleven regions. Table 3 lists 
the 11 geometric figures used to represent the solid bodies. 

TABLE 3. Bodies Used to Repre~ent Tank 

Body Number Body Type 

13 Box 

14 Box 

15 Sphere 

16 Sphere 

17 Right circular cylinder 

18 Box 

19 Box 

20 Arbitrary convex polyhedron 

21 Ellipsoid of revolution 

22 Ellipsoid of revolution 

23 Box 

15 
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Table 4 shows the manner in which the geometric figures are combined 
into regions forming the actual components. 

Region 
Number 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

TABLE 4. Region Table for Tank 

Body Numbers With Combinatorial 
Operators Used to Create Region 

13 -14 -15 -18 -19 

13 +14 -18 -21 -22 -23 

15 -17 -14 -16 

15 +16 - 14 - 17 -21 -22 

17 

13 +14 +18 -19 

13 +14 +18 +19 -20 

13 +14 +18 +19 +20 

21 

22 

13 +14 +23 

An explanation of region 15, the turret armor, shown in Figure 10, 
illustrates the logic of the region descriptions shown in Table 4. 
Region 15 is described in Table 4 as 

Region 15 = 15 -17 -14 -16 

Since the spRee being described lies within body 15 but does not 
include the space in body 16, the description contains a + 15 (the + 
sign being implied in this case) and a -16. The tur ret armor shell now 
must be cut off where it extends into the hull. A - 14 cuts this shell 

17 
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off at the inside edge of the hull armor. Since the gun tube extends through the turret armor and has a different material and function, it requires a different code in a vulnerability analysis and should be "negated" from the turret armor region; thus we obtain the -17. 

Table 5 lists the identification codes for the tank. 

TABLE 5. Tank Identification Codes 

Region Item Space Description 
Number Code Code of Region 

13 101 Steel armor hull 

14 02 Inside air (crew) 

15 102 Steel armor turret 

16 02 Inside air (crew) 

17 401 Gun barrel 

18 334 Bulkhead 

19 05 Inside air (engine) 

20 701 Engine 

21 041 Driver 

22 001 Commander 

23 007 Ammunition 

A complex target requires a large amount of descriptive data. A portion of the MAGIC program is devoted to reading data cards and to checking and storing the data. A user option is to store the target description data on magnetic tape so that on subsequent program executions the target data processing portion of the MAGIC program will not be required. 

18 
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DESCRIPTION OF INPUT 

This section contains descriptions of the input variables required to 
execute the MAGIC program. The descriptions include the variable names, 
definitions, and data card formats. Following is a list of the data cards: 

Card Title 

1 Program Option Card 

2 Title Card for Target 

3 Target Input Constants 

4 Rectangular Parallelepiped (RPP) 

5 Body Description, Box (BOX) 

6 Body Description, Sphere (SPH) 

7 Body Description, Right Circular Cylinder (RCC) 

8 Body Description, Right Elliptical Cylinder (REC) 

9 Body Description, Truncated Right Angle Cone (TRC) 

10 Body Description, Ellipsoid of Revolution (ELL) 

11 Body Description, Right An~le Wedge (RAW) 

12 Body Description, Arbitrary Convex Polyhedron (ARB) 

13 Body Description, Truncated Elliptic Cone (TEC) 

14 Body Description, Arbi t rary Curved Surface (ARS) 

15 Body Description, Torus (TOR) 

16 Region Table Input 

17 Special Ray Tracing Input (Optional) 

18 Special Volume Input {Optional) 

19 Region Identification Data 

20 Specification Card 

21 Grid Cell Description 

22 Subroutine AREA Input (Optional) 

*Body descr iption cards are used as required to describe the target . 
The type and arrangement will vary accordingly. 

19 



N 
0 

Program Option Card 
' CARD: 

1 

I 1 z 1lt ~~ ' • ,~J 1411 ~ 1~11 u ~~~~~otlllllli~HW~tll JllHf.ll ~lltl.,j,1 tljt~ttsj.ltH~tl sothzu~ssurtse Sl l""*~~s$r "'~J, I~IJIW '"' 111111 

ID PARA UNITS FORMAT COLUMNS DESCRIPTION 

A IRDTP4 ND* no 1-10 IRDTP4 1: 0 Processed target geometry data is to be 
entered from magnetic tape. 

IRDTP4 = 0 Target geometry data is to be entered from 
cards. 

B IWRTP4 ND no 11-20 IWRTP4 1: 0 Processed target geometry is to be stored 
on magnetic tape. 

IWRTP4 = 0 Processed target geometry will not be 
stored on magnetic tape. 

c ITESTG ND no 21-30 ITESTG I 0 Execute special ray tracing for a specified 
number of rays (see Card 17). This option 
is used for target data checkout. 

ITESTG = 0 Do not trace special rays. 
I 

D IRAYSK ND no 31-40 IRAYSK 1= 0 Perform computations for a random number 
of grid cells. 

IRAYSK = 0 Perform computations for all grid cells. -('") 
E ICARD I ND no 41-50 Not Used Leave blank. > 

~ .. 
...... 

*Non-
dimension 1 
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Program Option Card (Concluded) ( CARD: 1 (Concluded) 

l.- I Il l~ ,, I I tjloLI .. ll ~1~11 1/ll~lnr,,llll~lllllj!t lt lllll~ll ~llll~lllt C~I):(C~"' ~u J:2! ~u II~~~~ St liiH~~HI-IIU~Jl I~IJIHIIl n '"'. 

IOI PARA I UNITS I FORMAT ICOLUMNS I DESCRIPTION 

F I IENTLV I ND I no I 51-60 I IENTLV I< 0 Print out enter/leave tables generated by 
program. 

IENTLV ~ 0 Omit printout of enter/leave tables . 

G I IVOLUM I ND I no I 61-70 I IVOLUM -i 0 Subroutine VOLUM will be executed to com-

pute the volumes of each region contained 

within a specified portion of the target 

(see Card 18). 

IVOLUM = 0 Subroutine VOLUM will not be execu ted. 
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Title Card for Target I CARD: 2 

I, z1l• s 1 1 a tlto ltt ~llt4t~t5 III I~! IOitlzz1i 2~11llllzaz'l~tlll~Js J.tlll1l~40414~4H4<sjc,.I4~1!SGIIIsz~ *sS&s~s.st&lj ~Ill '~54 il Ml51 II 1~10 n 1~1ll. IS II 17 II It It 

ID PARA UNITS FORMAT COLUMNS DESCRIPTION 

A IT(I) NO 10A6 1-60 Alphameric characters representing the target's title. 
The total field width is 60 characters. 
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Target Input Constraints I CARD: 3 

{, z ll•~ &I 1 • ~~J~~,~Il ~~~~~~ u 11~1 J,lnuz~s n zrln" l, Jl ,: nJ;uM ~~.J. clfcl: ·~~ u •~n !GL!l u !ss sas~SHI l, u ~~~~ '*ru&Jjrtt I~IJ 11111111 "1111 

IDI PARA UNITS FORMAT I COLUMNS 

A I NRPP ND no 1 1-10 

B I NTRIP ND no 1 11-20 

C I NSCAL ND no 1 21-10 

D I NBODY ND no 1 31-40 

E NRMAX ND no 41-50 

F IPRIN ND no 51-60 

G IRCHEK ND IlO 61-70 

DESCRIPTION 

Number of rectangular parallelepipeds (RPP's) used to 

describe the target's environment. 

Not used. 

Not used. 

Number of geometric figures, other than RPP's, used to 

describe the target regions. There must be NBODY body 

cards in the data deck . 

Number of regions used to describe the target geometry. 

There must be NRMAX region description cards in the 

data deck. 

IPRIN # 0 

IPRIN = 0 

IRCHEK # 0 

IRCHEK = 0 

Print processed target geometry that is 
stored in the MASTER-ASTER array. 

Do not print processed target geometry. 

Exercise check for duplicate region data. 

Omit check for duplicate region data. 
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Rec t angular Para l lel epiped (RPP) . One card for each RPP. Refer to Figur e 11. I CARD: 4 

A ,J, B 
I l 1I1 I I I I t ~Il l I IJ ll l~ll llll~t ltl~IHlll H' ulzt n ~~ 11 ~~ lS l, .l~to ••~!l•w•~ .,.L st s4sZSJ ls ~&slfsa st J 1 cu~tusFiljlr" '~" n ,J,lllts ll 1111 , . 

ID PARA UN ITS FORMAT COLUHNS DESCRIPTION 

Note : RPP car ds must be arranged according to their 
ordinal numbers. 

A X(l) Inches* El2 . 6 1-12 X min boundary coordina t e of RPP 

B X(2) Inches El2.6 13-24 X max boundar y coordinate of RPP 

c X(3) Inches El2.6 25-36 Y min boundary coordinate of RPP 

D X(4) Inches El2.6 37-48 Y max boundar y coordinate of RPP 

E X(5) Inches El2.6 49- 60 Z min boundary coordinate of RPP 

F X(6) Inches El2.6 61-72 Z max boundar y coordinate of RPP 

*Any unit of length may be used (inches, feet , meters) 
for target dat a , but the units must be consistent 
t h roughout the input. 
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+Z 

X min 

I 
+Y 

I 

I 

Specify the maximum and minimum values of the X, Y, Z coordi nates 

which bound the parallelepiped. A special requirement for the RPP is 

that the bounding planes must be parallel to the coordinate axes. 

FIG. 11. Rectangular Parallelepiped Geometry 
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*Any unit of length may oe used (inches, feet , meters) 
for target dat a, but the units must be consistent 
throughout the input. 
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e • 
Body Description: BOX. Second of two cards required for each box used. I CARD: 5B 

1 l 1J1 I I I I I ~lll141l11 ~11 11 11~ ! ~lllllll Z:I It zljn Zlllll ~ ll ~~ • ~~J~~ 4~4ll~sJcc II ~11 Jllll Sl ~SIIC I~IC St ll n! ClaCcl U C~llt 1~1111 11 II 11 11 11 M 

ID PARA UN ITS FORMAT COLUMNS DESCRIPTION 

A FX(7) Inches* F10 . 5 11-20 IX, Y, and Z components, respective!~, of o~e of the 
B FX(8) Inches F10.5 21-30 mutually perpendicular vectors, A, B~ and C (see 
c FX(9) Inches F10.5 31-40 Figure 12). 

D FX(l O) Inches F10.5 41- 50 ~X, Y, and Z components , respecti~e1~, of one of the 
E FX(11) Inches F10.5 51-60 tmutually perpendicular vectors, A, B, and C (see 
F FX(12) Inches F10.5 61-70 Figure 12). 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the units must be consistent 
throughout the input. 
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Ay 

c 

Specify the vertex, V, at one of the corners by giving the X, Y, Z 
coordinates. Specify the X, Y, Z components of the three mutually per
pendicular vectors, A, B, and C, representing the height, width, and 
length of the box. Note that the only geometric difference between a 
BOX and an RPP is that a BOX may be arbitrarilv oriented, but the bounding 
planes of an RPP must be parallel to the coordinate axes. Also, the BOX 
and RPP serve different functional uses. The RPP may be used only to 
describe the enclosing environment regions of the target but not any 
portion of the target itself. The BOX is used for describing portions of 
the target. 

Card Columns 
Number 

of Cards 1-3 4-6 11-20 21-30 31-40 41-50 51-60 61-70 
1 of 2 

Solid I BOX v v v A A A 
NnmhPr X y z X y z 

2 of 2 Blank B B B c c c X y z X y z 
- - -

The three vectors, A, B, and C, may be interchanged on the cards. 

FIG. 12. Box Input 
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Body Description: Sphere. One card for each sphere used. I CARD: 6 

~~ 11• sB,j , f,~J uju 11 ~111111~1 IJIII!Iuzlsn 11jn " ll llllos _.,,.I~J, .!j!l•~*' '' ~tlsel~sw ~sss. sits.~~ •• n.isltj.""~"" l~lll4 11 lUI II liM 

IDI PARA 

A I IC(I) 

B I !TYPE 

C I IC(J) 

0 I FX(l) 
E FX(2) 
F FX(3) 

G FX{4) 

UNITS 

ND 

ND 

NO 

Inches* 
Inches 
Inches 

Inches 

FORMAT 

3Al 

A3 

A4 

Fl0.5 
Fl0.5 
Fl0.5 

Fl0.5 

COLUMNS 

1-3 

4-6 

7-10 

11-20 
21-30 
31-40 

41-50 

DESCRIPTION 

Alphameric characters representing the ordinal number of 
the body. The number must be left justified with no 
l eading zeroes, i.e., the first digit must be in column 1 . 

Alphameric characters SPR denoting that the body is a 
sphere. 

Not used . 

I
X, Y, and Z coordinates, respectively, of vertex Vat 
the center of the sphere (see Figure 13). 

Radius R of the sphere (see Figure 13). 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the units must be consistent 
throughout the input. 
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-Specify vertex V at the center and scalar R denoting the radius. 

Card Columns 

11-20 21-30 31-40 41-50 

1 of 1 

FIG. 13. Sphere Input 
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Body Description: Right Circular Cylinder (RCC). First of two cards .. requirecl I 
cor each RCC used.__ _ CARD: 7A 

o E , F r --· c -- - H r , 

_,__..._.....,_ ........ ll_l ... l-)14 1_~1~11 11)1 I lll21tl !~II' 11j?e It ~Ill l~ 11_~~~0~1_ 1~43 44_4~ 41 I~IHI 1h1 Sl ~U S4 !~lot U I Cll$HH$7 "~~I I~IJ 14 IS 1C 7111/t. 

IDI PARA I UNITS I FORMA1 I COLUMNS I DESCRIPTION 

A 

B 

c 

D 
E 
F 

G 
H 
I 

IC(I) 

!TYPE 

IC(J) 

FX(l) 
FX(2) 
FX(3) 

FX(4) 
FX(S) 
FX(6) 

ND 

ND 

ND 

Inches* 
Inches 
Inches 

Inches 
Inches 
Inches 

3Al 

A3 

A4 

FlO.S 
FlO.S 
FlO.S 

FlO . S 
FlO . S 
FlO.S 

1-3 

4-6 

7-10 

11-20 
21-30 
31-40 

41-50 
51-60 
61-70 

Alphameric characters representing the ordinal number 

of the body. The number must be l eft justified with no 

leading zeroes, i.e., the first digit must be in column 1. 

Alphameric characters RCC denoting that the body is a 
right circular cylinder. 

Not used. 

IX, Y, and Z coordinates, respectively, of the vertex, V, 

at the center of one base of the cylinder (see Figure 14). 

IX, Y, and Z components, respectively, of height vector H 
(see Figure 14). 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the units must be consistent 
throughout the input . 
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Body Description; Right Circular Cylinder (RCC). Second of two ca.rds required I CARD· 
for each RCC n~Pil . • 7B 

1 l l fl S tf I I sjut ~fl. ~1~11 1111~! 1~1~11 U 1~1 lllrjn lt Mjlllllljl.l\ l411 )11~40 41 ltj.l 44 '"'"' ~It SO S~Sl!l ~~ Sl S~lf St .. let~ 5I yjtr A ~It II 7~7J II IS 1117 llltll 

IDI PARA I UNITS I FORMAT I COLUMNS I DESCRIPTION 

A FX(7) Inches* Fl0.5 

e 

11- 20 Radius R of t he cylinder's base (see Figure 14). 

*Any unit of length may oe used (inches , feet , meters) 
for target data, but the units must be consis t ent 
throughout the input. 
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H 

- 1-R....._\ 
- -...... 

(V) 

Specify vertex V at the center of one base, height vector R, and 
scalar R denoting the base radius. 

Card Columns 
Nuaber 1-3 4-6 11-20 21-30 31-40 41-50 51-60 61-70 

of Carda 

1 of 2 
5o~1<1 T RCC v vy I v l H I H 1 H 
t.J. alo X !: X y z 

2 of 2 Blank R Blank 

FIG . 14. Right Circular Cylinder Input 
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BodyDescdption; Right Elliptical Cylinder (REC) . Fir st of· two cards-require1 c RD . SA 
for each REC us~d . A • 

F G H I 
I )ll~ 11 J411l11~ 1 I 1~11 U llj4•cl I~ I Sl 4~z Sl ~Sol slfst Sl IIH .. IH.I U ~It I l~ll!USJ&n 711UI 

LDI PARA I UNITS I FORMAT I COLUMNS I DESCRIPTION 

A I IC(I) 

B I TYPE 

c IC(J) 

D FX(l) 
E FX(2) 
F FX(3) 

G FX(4) 
H FX(S) 
I FX(6) 

e 

ND 3Al 

ND A3 

ND A4 

Inches* Fl0 . 5 
Inches Fl0.5 
Inches Fl0.5 

Inches 
Inches 
Inches 

Fl0.5 
Fl0.5 
Fl0.5 

1-3 

4-6 

7-10 

11-20 
21-30 
31-40 

41- 50 
51-60 
61- 70 

Alphameric characters representing the ordinal number 
of the body . The number must be left justified with 
no leading zeroes, i . e., the first digit must be in 
column 1. 

Alphameric characters REG denoting that the body is a 
right elliptical cylinder . 

Not used. 

lX, Y, and Z coordinates, respectively, of center V 
of the base ellipse (see Figure 15). 

{x, Y, and Z components , respectivel y, of height vector H 
l(see Figure 15). 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the uni t s must be consistent 
throughout t he input . 

• 

I 
(") 

~ .. 
00 
> 

e 

~ 
~ 
\Jl 
0\ 
\Jl 
I w 
I 

"'-~ ..... 
< 
0 ..... 
H 



w 
V1 

- • 
Body Description: Right Elliptical Cylinder (RECf. Second of two cards -- - ------r 

required for each REC used. I CARD: 8B 

1 z 1l• s al l a 1 ~1111~n~ 1~111111~!1 1luu ~szw~w 1 Jn~Rs -fu•l~to ~~~u tt ~w ·~., 1jszsufsss. s~sa u 1u ~4 ~ &ljl1 u ,~,.~~~~IPOS ''" lllt M 

ID PARA I UNITS I FORMAT !COLUMNS I DESCRIPTION 

A FX(7) Inches* 
B FX(8) Inches 
c FX(9) Inches 

D I FX(lO) Inches 
E FX(ll) Inches 
F FX(l2) Inches 

Fl0.5 11-20 
FlO.S 21-30 
FlO.S 31-40 

FlO.S 41-50 
FlO.S 51-60 
FlO.S 61-70 

~X, Y, and Z components, respectively, of the vector Rl 
defining the semi-major axis of the base ellipse 
(see Figure 15). 

(X, Y, and Z components, respectively, of the vector R2 
ldefin~ng the semi-minor axis of the base ellipse 
(see Figure 15). 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the units must be consistent 
throughout the input. 
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' 

--,--
(Vr.i1 

R2 

Specify the coordinates of V, the center of the base ellipse, 
height vector H, and vectors Rl and R2 in the base plane defining t he 
semi-major and semi-minor axes, respectively. 

Car d Columns 
Number 

of Cards 1-3 4-6 ll- 20 21-30 31-40 41-50 51-60 61-70 

1 of 2 Solid T v v v Hx l)r Hz 
.. _ 'L REC X y z 

R1 Rl Rl R2 R2 R2 t of 2 Blank X y z X y z 

FIG. 15. Right Elliptical Cylinder Input 
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Body Description: Truncated Right Angle Cone (TRC). First of two cards j CARD· 9A 
reauired for each TRC used · 

l, ~ J. ~ ,I r ' ~~J .. , ~ Ilu~~" " "~' ~el.lunz:n ntn nl, n +~~~~ :lll~l••lfou ~., ~.,J.sz u~~ S~SI u l, &ul,~Mttru~rl, r~lllt rs,. 111111• 

IDf PARA I UNITS I FORMAT ! COLUMNS I DESCRIPTION 

A I IC(I) 

B I ITYPE 

C I IC(J) 

D FX(l) 
E FX(2) 
F FX(3) 

G I FX(4) 
H FX(5) 
I FX(6) 

ND 

ND 

ND 

Inches* 
Inches 
Inches 

Inches 
Inches 
Inches 

3Al 

A3 

A4 

no.5 
FlO. 5 
Fl0.5 

Fl0.5 
Fl0 . 5 
Fl0.5 

1-3 

4-6 

7-10 

11-20 
21-30 
31-40 

41-50 
51-60 
61-70 

Alphameric characters representing the ordinal number of 
the body. The number must be left justified with no 
leading zeroes, i.e ., the first digit must be in column 1. 

Alphameric characters TRC denoting that the body is a 
truncated right angle cone . 

Not used. 

~X, Y, and Z coordinates, respectively, of vertex Vat 
tthe center of the base of the cone (see Figure 16). 

~X, Y, and Z components, respectively, of height vector H 
l(see Figure 16). 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the units must be consistent 
throughout the input . 

] 
~ I 

~ 
t-
VI 
0'1 
VI 
I w 
I ...... 

....... 

~ 
....... 

H 



UJ 
C» 

Body 

ID 

Description : Truncated Right Angle Cone (TRC). Second of two cards I ----
9

B 
reouired for each TRC used. CARD : 

I l ll' S cl I I I ~JII 1 ~1l ~~~11 11 11.1 IJ ltjl! II z:S nnlzt !Ill ll l~ lS ~~)I )~40 t1 czj.uu~"' ~~~~ 5t I~SZU ~ss !4 S~SI St Mi11 &! *''I~~ u '~10 II 7~1l 14 IIIW llltll 

PARA UNITS I FORMAT I COLUMNS I DESCRIPTION 

A FX(7) Inches* I FlO. 5 I 11-20 I Radius Rl of the larger base circle of the cone (see 

B I FX(8) I Inches I FlO.S I 21-30 

e 

Figure 16). 

I Radius R2 of the smaller base circle of the cone (see 
Figure 16). 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the units must be consistent 
throughout the input. 
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Specify vertex V at the center of the larger base, height vector H, 
and scalars R1 and R2 denoting the radii of the larger and smaller bases, 
respectively. 

r..<l rti r.n lumnR 
Number 

of Cards 1-3 4-6 11-20 21-30 31-40 41-50 51-60 61-70 

1 of 2 
Solid I TRC v Vy v I Hx I 1). 1 Hz Number X z 

2 of 2 Blank Rl R2 Blank 

FIG. 16. Truncated Right Angle Cone Input 
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Body Description: Ellipsoid of Revolution (ELL). This is the first of two card1 
reauired for each ELL used . CARD: lOA 

l, ~ ,{. .~ .J' • ~ ~,J, ' ~ 'l .. ,~, ""~' ,!,lu u ,i; n nllt n J, ln~ '! '411 • ~~~J ·~u u .; "lll•t l •lsz u s4u S&~Jfse u l, n ~! * u ~~~~~ '~" 1111 "" """ 
IDI PARA I UNITS I FORMAT ! COLUMNS I DESCRIPTION 

A IC(I) 

B I TYPE 

c IC(J) 

D I FX(l) 
E FX(2) 
F FX(3) 

G FX(4) 
H FX(S) 
I FX(6) 

e 

ND 3Al 

ND A3 

ND A4 

Inches* F10.5 
Inches FlO.S 
Inches FlO.S 

Inches 
Inches 
Inches 

Fl0.5 
Fl0.5 
FlO.S 

1-3 

4-6 

7-10 

ll-20 
21-30 
31-40 

41-50 
51-60 
61-70 

Alphameric characters representing the ordinal number of 
the body. The number must be left justified with no 
leading zeroes, i.e., the first digit must be in column 1. 

Alphameric characters ELL denoting that the body is an 
ellipsoid of revolution. 

Used to specify which characteristics of the ELL will be 
input. See below. 

l
if IC(J) is blank, the X, Y, and Z coordinates of focus 
Flare input (see Figure 17). If IC(J) is not blank, 
the X, Y, and Z coordinates of vertex Vat the geometric 
center of the ELL are input (see Figure 17). 

l
if IC(J) is blank, the X, Y, and Z coordinates of focus 
F2 are input (see Figure 17). If IC(J) is not blank, 
input the X, Y, and Z coordinates of the vector A 
defining the semi-major axis (see Figure 17) 

I 
("') 

~ .. 
*Any unit of length may be used (inches, feet. meters) I ~-' 
for target data, but the units must be consistent ~ 
throughout the input. 

• e 

~ 
.s:-
1..11 
0\ 
1.11 
I w 
I ....., 

1-' 

< 
0 
1-' 

H 
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Body Description: Ellipsoid of Revolution (ELL). This is the second of two cardSf 
reauired for each ELL used. fCARD: lOB 

I l 1• 5 sj1 I t1JII 141lll I~ 1111~! zol.lzzllZ~S 1511~111 ~Ill~ ll ~llll~IO II I~U C4 ~~ 41 ~~~$II SljSl Sl *S S& S~S& S! ... U ~ SS ~I U l~1D II l~llll 15 15 11 II, II 

IDI PARA UNITS 

A I FX(7) Inches* 

FORMAT I COLUMNS 

F10.5 I 11-20 

DESCRIPTION 

If (IC(J) is blank, length L of the major axis is input 
(see Figure 11). 

If IC(J) is not blank, radius R of the circular section 
taken at the center of the ellipsoid is input (see 
Figure 17) . 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the units must be consistent 
throughout the input. 

e 

~ 
,p. 
V1 () a-. > 'f ~ (,..) .. 
I ....., 

~ 
~ 0 

t:J;j < 
0 
~ 
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Specify ei t her (1) the X, Y, Z coordinates of foci Fl and F2 and 
scalar L denoting the length of t he major axis; or (2) the X, Y, Z 
coor dinates of vertex V at the geometric center , the vector A defining 
the semi-major axis, and scalar R denoting the radius of the circular 
sect ion taken at the center . 

Car d Columns 
Number 
of Cards 1-3 4-6 11-20 21-30 31-40 41- 50 51- 60 61-70 

1 of 2 Soll.d I ELL 
Fl _ Fly J Fl z I F2_ I F2y I F2 

"'· -,_ X X z 

2 of 2 Blank L Blank 

1 of 2 Solid 1 ELL v v I v I A I A I A 
Number X y z X y z 

2 of 2 Bl ank R Blank 

*The two foci may be interchanged in the card format. 

FIG. 17. Ellipsoid of Revolution Input 
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• • e 

-Boay Description: Right Angle Wedge (RAW) . First of two cards required -for T 
each RAW used. CARD: llA 

ABC D E F G H I 
-:r-------

1 I J S It I t I ~J-1 ~1114 1~111111~1 10 tf!l U I~~ lljzt IS llllJIU lS ~llll.4 I 4~) U 4sjcl 414. 41 St ~Sl U !451 5C S~st 5I I II~ IS .. , U 1~11 I l~ll IllS II 11 11 11 M 

IDI PARA 

A I IC(I) 

B I !TYPE 

C I IC(J) 

D FX(l) 
E FX(2) 
F FX(3) 

G FX(4) 
H FX(5) 
I FX(6) 

UNITS 

ND 

ND 

ND 

Inches* 
Inches 
Inches 

I nches 
Inches 
Inches 

FORMAT 

3Al 

A3 

A4 

FlO.S 
FlO.S 
FlO.S 

FlO . S 
Fl0.5 
FlO.S 

COLUMNS 

1- 3 

4-6 

7-10 

11-20 
21-30 
31- 40 

41-50 
51-60 
61-70 

DESCRIPTION 

Alphameric characters representing the ordinal number 
of the body. The number must be left justified with no 
leading zeroes, i.e. , the first digit must be in col umn 1. 

Alphameric characters RAW denoting that the body is a 
right angle wedge. 

Not used. 

ix, Y, and Z coordinates, respectively , of vertex Vat 
~one of the right- angle corners (see Figure 18). 

!!• Y,_and Z components, respectivel y , of one of the legs, 
A or B,of the r ight triangle (see Figure 18) . 

*Any unit of length may be used (inches, feet , meters) 
for t arget data , but the units must be consis t ent 
throughout t he i nput . 

(") 

~ .. 
...... 
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~ 
.p. 
VI 
0'1 
V1 
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w 
I 

-...J 
...... 

< 
0 ...... 
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Body 

ID 

A 
B 
c 

D 
E 
F 

• 

Description: Right Angle Wedge (RAW). Second of two cards required for I CARD· llB 
each RAW used. · 

! W
----

A B C D E F 
1 I 1!1 S al I I I ~I 114'1 11_1~11 II II~' l 11lu U I~ H lljzt lJ ll ~IS llljn ll I~ I 1~11 II 1!j.1 II l~lt II ~11 SJ ~ SHJ!y U In~ IS l4ttr Y ~~~ I 1~11 II IHI II 11 U II 

PARA I UNITS I FORMAT I COLUMNS I DESCRIPTION 

FX(7) Inches* Fl0.5 11-20 
FX(8) Inches Fl0.5 21- 30 !X, Y,_and Z components, respectively, of one of the legs, 

FX(9) Inches Fl0 . 5 31-40 A or B, of the right triangle (see Figure 18). 

FX(lO) Inches F10.5 41-50 
FX(ll) Inches F10. 5 51-60 
FX(12) Inches F10.5 61-70 

Jx, Y, and Z components of vector C defining the width 
{of the wedge (see Figure 18). 

*Any unit of length may be used (inches , feet, meters) 
fo r target data, but the units must be consistent 
throughout the .input . 

• 
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Specify vertexV at one of the right-angled corners by giving the 
X, Y, and Z coordinates. Specify the components of the three mutually 
perpendicular vectors, of which two , A and B, are the legs of the right 
triangle formed , and the third, ~. is the width of the wedge . 

Card Columns 
Number 1- 3 4-6 11-20 
of Cards 

21-30 31-40 41-50 51- 60 61-70 

1 of 2 Solid 
J RAW vx vy vz ~ Ay Az Number 

2 of 2 Blank B B 
X y 

B c c c 
z X y z 

The two legs, A a nd B, may be interchanged in the card format . 

FIG . 18. Right Angl e Wedge Input 
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lD 

A 

B 

c 

D 
E 
F 

G 
H 
I 

e 

Description: Arbitrary Convex Polyhedron (ARB) . First of fiv_e _cards _I 
rPnnirPn fnr P.<tC'h ARB used~ _ CARD: 12A 

ABC D E F G H I l------- -r--- - --l- -- l - t t t J s .I, ' 1 ~ 11 1 ~111 1 1 ~11 1111~' 1 21hz uz4z5 1wjzt 211 1 121~ lS JifJ7Jtl~l 1 1~11 u •slew ·~•t 11!5251 ~55 5H~SI u 111 '~51""' u '~'o 1 l~ll 11 11 11 n 11 '"' 

PARA 

IC(I) 

I TYPE 

IC (J) 

FX(l) 
FX(2) 
FX(3) 

FX(4) 
FX(S) 
FX(6) 

UNITS 

ND 

ND 

ND 

Inches* 
Inches 
Inches 

Inches 
Inches 
Inches 

FORMAT I COLUMNS I DESCRIPTION 

3Al I 1-3 I Alphameric characters representing the ordinal number of 
the body. The number must be left justified with no 
leading zeroes, i . e . , the first digit must be in col umn 1. 

A3 

A4 

FlO.S 
FlO . S 
FlO.S 

FlO. S 
FlO.S 
FlO.S 

4- 6 

7-10 

ll-20 
21- 30 
31-40 

41-50 
51-60 
61-70 

Alphameric characters ARB denoting tha t the body is an 
arbitrary convex polyhedron. 

Not used. 

~
• Y, and Z coordinates, respectively, of the first of 
ight vertices of the ARB (see Figures 19, 20, 
nd 21). 

E
• Y, and Z coordinates, respectively , of the second 
f eight vertices of the ARB (see Figures 19, 20, 
nd 21). 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the units must be consistent 
throughout the input. 
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Body 

ro 

A 

B 

• 
Description: Arbitrary Convex PolY.hedron (ARB). Re~eat this card three T CARD l2B 

times. Second , thira, and four th cara of five reauired for : 
iac A . A2 A3 Bl B2 B3 

1 l 1!1 I 11 I I t ~0~1 l ~ l lll 1~1 17 ll~f I l11!11ll4p 1 1111~111 l I lll*OS ~lltl~IO I l~l l U csjcwc~lt I lljSW S4jSSSI S~st il I ll I~HH~115U~I 111~13 14 IHlll II ISM 

PARA I UNITS I FORMAT !COLUMNS I DESCRIPTION 

AA(I , l) Inches* E10.3 
AA(I, 2) Inches E10.3 
AA(I,3) Inches E10 . 3 

AA(I,l) Inches E10 . 3 
AA(i,2) Inches E10.3 
AA(I,3) Inches E10.3 

11-20 
21- 30 
31-40 

41-50 
51-60 
61-70 

~X, Y, and Z coordinates of the Ith vertex of the ARB 
1(see Figures 19, 20, and 21) where 1=3, 5, or 7 for the 
\third, fifth, or seventh point of the ARB . 

~X, Y, and Z coordinates for the Ith vertex of the ARB 

l.
(see Figures 19, 20, and 21) where I=4 , 6, or 8 for the 
fourth, sixth, or eighth point of the ARB . 

*Any unit of length may be used (inches, feet, meters) 
for target data , but the units must be consistent 
throughout the input. 
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Body Description: Arbitrary Convex Polyhedron (ARB). Fifth of five cards 
re uired for each ARB used. CARD : 12C 

1,. l~o 1 ·~u u •slci ., ~~, sc S~ ll u ~ sc sljy 11 .. 1 ns$1 's .. , u ~~~ 11 I~ IJ 147$ "n "n• 

IDI PARA DESCRIPTION 

A I IA(1 , J) I ND I 4Al I 12-1s I Four ordinal vertex numbers for first face of the ARB 
(see Figures 19, 20, and 21). 

B I IA(2,J) I NO 1 4Al I 17-20 I Four ordinal vertex numbers for second face of the ARB 
(see Figures 19 , 20 , and 21). 

c I IA(3,J) I ND 1 4Al I 22- 25 I Four ordinal vertex numbers for third face of the ARB 
(see Figures 19, 20, and 21). 

D I IA(4,J) I NO 1 4Al I 27-30 I Four ordinal vertex numbers for the fourth face of the 
ARB (see Figures 19, 20 , and 21). 

~ IE I IA(S,J) ND 4Al 32-35 Four ordinal vertex numbers for the fifth face of the (XI 

ARB (see Figur es 19 , 20, and 21) . 

F I IA(6,J) ND 4A1 37-40 Four ordinal vertex numbers for the sixth face of the 
ARB (see Figures 19, 20, and 21) . 
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7 

I 
I 

s}---- 6 

4 

2 

The arbitrary convex polyhedron may be a four-, five-, or six-faced 
figure, each face having either three or four vertices. The four vertices 
of a face must lie in a plane. An ordinal number (1 to 8) is assigned to 
each vertex. Each vertex is listed giving the X, Y, Z coordinates. For 
each face of the figur e, list the four ordinal vertex numbers in a clock
wise or counterclockwise direction. 

Card Columns 
Number 
of Cards 1-3 4-6 11-20 21-30 31-40 41-50 51-60 61-70 

1 of 5 
Solid I ARB lx ly lz 2x 2y 2z Number 

2 of 5 3 3 3 4 4 4 
X y z X y z 

3 of 5 5x 5v 5z 6x 6y 6z 

4 of 5 
7 7 7 8 8 8 

X y z X y z 

12-15 17-20 20-25 27-30 32- 35 37-40 

5 of 5 1234 5678 3487 1265 2376 1485 

FIG. 19. Six-Faced Arbitrary Convex Polyhedron Input 

49 



TN4565- 3- 71 Vol I 

5 

1 

2 

6 VERTICES 

Faces: 3124 
2376 

7658 
1265 

Number 
of Cards 1-3 

1 of 5 
Solid 
Number 

2 of 5 

3 of 5 

4 of 5 

5 of 5 

I 

1375 
1265 

4-6 

ARB 

7,8 

F'aces: 

5,6,7,8 

2 

5 VERTICES 

1234 
6237 

6435 
7415 

6128 
7415 

Card Columns 

ll-20 21-30 31-40 41-50 51-60 

lx lv :tz 2,. 2v 
3 3 3 4 4 X y z X y 

'ix Sy 5z 6 6y X 

7 7 7 8 8 X y z X y 

12-15 17-20 22-25 27-30 32-35 
l ' Use Numbers Above . . 

3 

61-70 

2z 

4 
z 

6z 

8 z 

37-40 

Repeat one face to obtain the six faces r equired in the programs. 

FIG . 20 . Five-Faced Arbitrary Convex Polyhedron Input 

so 
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3 , 7 

Card Column 

Number l-3 4-6 11-20 21-30 31-40 41-50 51-60 61-70 
of Cards 

Solid I ARB 
lx ly 1 2x 2y 2z 

1 of 5 Number z 

2 of 5 3 3 3 4 4 4 
X y z X y z 

3 of 5 sx 5y Sz 6x 6y 6 z 

4 of 5 7 7 7 8 8 8 
X y z X y z 

12-15 17-20 22-25 27-30 32-35 37-40 

5 of 5 3127 2146 4328 1345 3127 3127 

Repeat one face to obtain the six faces required in the programs . 

FIG. 21 . Four-Faced Arbitrary Convex Polyhedron Input 
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Body Description: Truncated Elliptic Cone (TEC). First of three cards required ! . lJA for each TEC used. . CARD: 

t 1 ~ J. ~ ,, 1 • ~~Jn1411 11 1~1 11 11~1 zaltlll u!:. ~ zr;. 11 lll!J~ ,; .Pr ll1~44ll clf,t1u ~!j.' 11 ~~J~U~J ~s~s~ u J, u,~,,;.1 ~~~~J. 1. 1171/S 11 n 11 n• 
ID PARA I UNITS I FORMAT ! COLUMNS I DESCRIPTION 

A I IC(I) I ND I 3Al I 1-3 

B I ITYPE I ND I A3 I 4-6 

C I IC(J) ND I A4 I 7-10 

D FX(l) Inches* FlO . S 11-20 
E FX(2) Inches Fl O.S 21-30 

IF FX(3) Inches Fl0.5 31-40 

G FX(4) Inches FlO.S 41-50 
H FX(S) Inches FlO.S 51-60 
I FX(6) Inches FlO.S 61-70 

e 

I Alphameric characters representing the ordi nal number of 
the body . The number must be left justified with no 
leading zeroes, i.e., the first digit must be in column 1. 

I Alphameric characters TEC denot ing that the body is a 
truncated elliptic cone. 

I Not used . 

{ X, Y, and Z coordinates of vertex V at the center of the 
larger ellipse (see Figure 22). 

{X, Y, and Z components of height vector H (see 
Figure 22). (NOTE: Height vector does not have 
to be perpendicular to the base plane . ) 

*Any unit of length may be used (inches, feet, meters) 
for t arget dat a, but the units must be consistent 
th r oughout the input . 
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Body Description: Truncated Elliptic Cone (TEC). Second of three cards for I CARD : 13B 
each TEC used 

1 I II• $ 1 1 1 ~~JI I~Illlltl llll~!l~~l! 132~5 ~~~~llllllll~l~$ ~llii~IJ C~l44 ~6114~U111jS!Il ~5$;S~SI Sill U 1~14 ~ 1~11111.10 ll~lllW IUIII ltM 

ID PARA UNITS FORMAT COLUMNS DESCRIPTION 

A FX(7) Inches* FlO.S 11-20 {X, Y, and Z components of the vector A describing the 

B FX(S) Inches FlO.S 21-30 semi-major axis of the larger ellipse (see Figure 22) . 

c FX(9) Inches FlO.S 31- 40 

D FX(lO) Inches FlO.S 41-50 {X, Y, and Z components of the vector B describing the 

E FX(ll) Inches Fl0.5 51-60 semi-minor axis of the larger ellipse (see Figure 22) 

F FX(l2) Inches Fl0.5 61-70 

*Any unit of length may be used (inches , feet, meters) 

for target data, but the units must be consistent 

throughout the input. 
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Body Description: Truncated Elliptic Cone (TEC). Third of three cards for each TEC. I CARD: 13C 

1 1 1J i s cJ r 1 1 ~~~~~ 14 11 u 1~1 1111~1 ~~L,, uzts 1111~1 11 1ap1 111~ 11 ~~ JI J~uu ·~u u •~1 •r t~cs so s1ISHH4u 11 1~11 st .. 111~ 1114&1 '"~'~ 11 1~11141111 IIIIIUI 
101 PARA UNlTS 

A I FX(13) NP 

e 

FORMAT I COLUMNS 

FlO.S I 11-20 

DESCRIPTION 

P, the ratio of the larger ellipse to the smaller 
ellipse (see Figure 22). 
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---
v 

B 

H 

...... 
' ' 

A 

Specify the coordinates of vertex V at the center of_t he larger 
ellip~e ; and the X, Y, and Z components of height vector Rand vec
tor s A and B describing the semi- major and semi-minor axes. Specify 
P, the ratio of the larger to the smaller ellipse. (NOTE : Hei ght 
vector R does not have to b~ p~rpendicular to the base plane.) 

Card Column 
Number 1- 3 4- 6 11-20 21-30 31- 40 41-50 51-60 61-70 
of Cards 

1 of 3 
Solid I TEC v v v H H H 
Number X y z X y z 

2 of 3 
A A A B By B 

X y z X z 

3 of 3 p 

FIG. 22. Truncated Elliptic Cone Input 
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Description: Arbitrary Curved Surface (ARS) . First of n car ds for each } 
ARS . CARD: 14A 

~ 
l t\ Ill ~ cl I I l ~llll~llll l~ll llll~lltll,lllll~ lllrllt n+ ll.l'l ..,llt ~4111 t44Hu sfi5tr ~H·I~SlSI~ SU~IHI .. I U& .. cHifar II~ 11 1. 7H41511 n 1t11 • 

PARA UNITS 

IC(I) ND 

I TYPE ND 

FORMAT ! COLUMNS I DESCRIPTION 

3Al I 1-3 I Alphameric characters representing the ordinal number of 
the body. The number must be left justified with no 
leading zer oes, i.e., the first digit must be in column 1. 

A3 4-6 Alphameric characters ARS deno t ing tha t the body i s an 
arbitrary curved surface. 
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Body Descript ion: Arbitr ary Curved Surface (ARS) . Second of n cards for each 
ARS. I CARD: 14B 

I I 11 l 5 I 1 I I ~J 1~1!1~411 II II~ I Jl,!llllf,/~ 21111lt llll Ill~ li ~~ lll~4D 41 uju U llici 41 4~41 10 *Ill ~51 5I 5~51 U ~I ct ~ U 51jtr 5I l~1t II 1~11 II IS " II li lt M 

I D PARA UN I TS FORMAT COLUMNS DESCRIPTION 

A MAX ND no 11-20 Number of curves which are to be input (see Fi gure 23). 

B NAX ND no 21- 30 Number of points to be input for each curve (see 

Figure 23). 
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Body Description: Arbitrary Curved Surface (ARS). Third through nth cards for .l 
each ARS . CARD: 14C 

llJ 

A 
B 
c 

D 
E 
F 

e 

1 I lj. I •J 1 * I ~ot 1~1) 14 1tl1111~' 10LU !11~1! 11jn ,,l, lllJP4 uc~lllt ~~J, ·~·l u .~II ·~41 sjs,luu ~~If I~SI Sllllll~ll ~~I'* 1~70"' I~IJ II IS""" liM 
PARA UNITS I FORMAT I COLUMNS I 

X(M,N) Inches* E10.3 11-20 
Y(M,N) Inches E10.3 21-30 
Z(M,N) Inches El0.3 31-40 

X(M,N+l) Inches El0.3 41- 50 
Y(M,N+l) Inches El0.3 51-60 
Z(M,N+l) Inches El0.3 61-70 

DESCRIPTION 

IX, Y, and Z coordinates, respectively, of the Nth point 
for the Mth curve (see Figure 23). 

IX, Y, and Z coordinates, respectively, of the N+lst point 
for the Mth curve (see Figure 23). 

Repeat this card until all curves have been input. Total 
number of cards, n, required for each ARS = 

2 + M [(N + 1)/2] 

(See Figure 23.) 

NOTE: Begin each curve on a new car d . 

I 

*Any unit of length may be used (inches, feet , meters) 
for target data, but the units must be consistent 
throughout the input. 
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Curves 1 and 5 

Curve 3 

Specify the number of curves (M) to be used and the number of points 
(N) to be used for each curve. A surface is constructed between curve 1 
and curve 2, between curve 2 and curve 3, etc. The user must be sure that 
the described figure is closed and solid. Note that the first and last 
points are the same for all curves, and the first curve is identical to 
the last. Start each curve on a new card . 

Number 
of Cards 1-3 4-6 11-20 21-30 31-~0 41-50 51-60 61-70 

Solid 1 ARS 1 of n Number 

2 of n M N 

3 of n X(l,l) Y(l,l) Z(l,l) X(l,2) Y(1,2) Z(l,2) 

. . 

N+1 2+-
2
-of n X(l,N) Y(l,N) Z(l,N) 

X(2,1) 

. 

X(M, 1) 

. 

. 

n=2+M(N;1) X(M , N) Y(M,N) Z(M,N) 

FIG. 23. Arbitrary Curved Surface Input 
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0\ 
0 

Body Description: Torus (TOR). First of two cards for each TOR. 

IDI 

A I IC(I) I ND I 3Al 

B I !TYPE I ND I A3 

C I IC(J) ND I A4 

D FX(l) Inches* FlO.S 
E FX(2) Inches FlO. S 
F FX(3) Inches FlO.S 

I 
G FX(4) Inches FlO . S 
H FX(S) Inches Fl O. S 
I FX(6) I nches Fl0 . 5 

e 

I 1-3 

I 4-6 

I 7-10 

11-20 
21-30 
31-40 

41-50 
51-60 
61-70 

r~u u 1111 n " " • 

I Alphameric characters representing the ordinal number of I 
the body. The number must be left j ustified with no 
leading zeroes , i . e., the firs t di git must be in column 1 . 

I Alphameric characters TOR deno t ing that the body is a 
torus . 

I Not used. 

IX, Y, and Z coordinates, respectivel y, of vertex V at 
the center of the torus (see Figure 24). 

IX, Y, and Z components of normal N to the plane in which 
the locus of midpoints of the circular cross-sections 
l i es (see Figure 24). 

*Any unit of length may be used (inches , feet, meters) 
for target data, but the units must be consistent 
throughout the input. 

e 

r-1 
n 

~ .. 
...... 
V1 
> 

e 

~ 
~ 
V1 
0\ 

~ 
w 
I 

"-J 
...... 

< 
0 
...... 
H 



cr. 
1-' 

e e 

Body Description: Torus (TOR). Second of two cards for each TOR. ( CARD: 15B 

1 z Jf• s 'l ' 1 t ~J~~ 1( 1111 ,: , 11 11~' l~um~ ~ ujzw n l , n + Js l$r,. ~ .. " ·~l H ~~ 11 ·~•ts•s~sz u ~~ 14 slfst u ... n ~ 'H~mu~ n 1~n 14 n n n n 1t • 

IDI PARA I UNITS I FORMAT I COLUMNS I DESCRIPTION 

A I FX(7) Inches* F10.5 11-20 Distance Rl from the center of the torus to the mid
point of the circular cross-section (see Figure 24). 

e 

B I FX(8) Inches F10.5 21-30 Radius R2 of the circul ar cross-section (see Figure 24). 

*Any unit of l engt h may be used (inches, feet , meters) 

for target data, but the un its must be consis t ent 
throughout the input . 

m 
~ I 

121 
~ 
Vt 
cr. 
Vt 
I w 
I 

'-.1 
1-' 

< 
0 
1-' 

H 
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N 

Specify vertex Vat the center of the torus, normal N to the plane in which the locus at mid-points of the circular cross-sections lies, and scalars Rl, the distance from the center to the mid-point of the circular 
cross-section, and R2, the radius of the circular cross section. 

Card Column 
Number 1-3 4-6 11-20 of Cards 21-30 31-40 41-50 51-60 61-70 

1 of 2 ~g~fi~r I TOR v vy v I N I NY J N X z X z 
2 of 2 Blank Rl R2 Blank 

FIG. 24. Torus Input 
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0'\ 
w 

e • 
Region Table Input. First card for describing each region. } CARD: 16A 

I ~)l I J ,}~ . !,~. ~ •4.J~~J,~i~, ,liJIHt? n llwiJ~~ )I )~J~~, M lt. .. .l~J~~ ,~., j~-J~5l ~~u~~L u<4. ulir -~ J1111 1~1)" /Ill""". 
ID I PARA I UNITS I FORMAT I COLUMNS I DESCRIPTION 

A I IR ND IS 

Bl IA(1) ND A2 

C l IN(l) ND IS 

1-5 

7-8 

9-13 

Region number 

OR operator must be input in IA(l) if the OR operator 

appears elsewhere in region description . 

Ordinal number of the body with the + or - .operator 

as required. A + is implied if sign omitted. 

e 

D I IA(2) 

E I IN(2) 

ND A2 14-lS OR operator if used with second term of region description 

F I IA(3) 
G IN(3) 

Rl IA(9) 
S IN(9) 

ND 

ND 
ND . . 
. . 
. . 
ND 
ND 

IS 

A2 
IS . . 
. . 

I 

A2 
IS 

16-20 

21-22 
23-27 . 

. . 

. . 
63-64 
65-69 

Ordinal number of the body with the + or - operator 

as required. 
r 

I~ 
Enter up to nine bodies and their operators. If 

more bodies are required to describe region, use 

additional cards as described on Card 16B . 

'- I 

m 
~ I 

~ 
~ 
1..11 
0'\ 
1..11 
I 

w 
I 

'-.J 
1-' 

< 
0 
1-' 

H 



0'\ 
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Region Table Input. Second and subsequent cards for describing each region . I CARD: 16B 

I Z 114 I I 
Al B 1 C D ,l~J F zf ~~~ I I I ~Ill 1~1114 l~ll lllejiS It IIU ll~ l'U It I Jll OIP liiR J n l, •J~ .. J~J. ~~ u.t seL~ u ~~ SIS U .. ISZ .. l A ltn *li41Sitnf111• 

ID PARA UN ITS FORMAT COLUMNS DESCRIPTION 

A IA(N) ND A2 7-8 OR operator if used. 

B IN(N) ND 15 9- 13 Ordinal number of the body with + or - operator as 
required . 

c IA(N) ND A2 14-15 
D IN(N) ND I S 16-20 . . . . . . . 

Enter bodies and their oper ators as required for . . . . 
~each region . . . . . . . . . . . 

Q IA(N) ND A2 63-64 
Note: R IN(N) ND 15 65- 69 
Follow the last region card with a card with -1 in 
columns 1-5 t o signify t he end of the region data. 

e • 

~ 

n 

~ .. 
..... 
0'\ 
~ 

e 

;e 
~ 
V1 
0'\ 
V1 
I 

w 
I 

'...! ..... 
< 
0 ..... 
H 



0'\ 
V1 

e e 

Special Ray Tracing Input (Optional) . First of n cards requ i red. I CARD: 17A 

1 1 tl• s ~1 r t ,.JII•4•Jrc •*:.' 11~1 lrfttlll~ ~ trln 1t -tJru + lS t4lr Jtl~ct cr clf41 cc ~~ Clc~ct st stlsHJ ~~ sc s~st u ~~ n ~ 5H~IIIU~I1 n r~ll,. 1111 n 11 u • 

ID PARA UNITS FORMAT 

A NRAYS ND no 

B I NGlERR JND I no 

COLUMNS 

1-10 

1 11-20 

DESCRIPTION 

Total number of rays to be processed. 

I Maximum allowable number of errors. If NGlERR is left 

blank, the computer assigns a value of 25. 

Note : 

Optional special ray tracing computations are performed 

when ITESTG (columns 21-30 in Card 1) has a non-zero 

value. A specified number of rays are tracked through 

a specified portion of the target to verify that the 

region descript ions have been input properly. Errors 

discovered in target descriptions will be printed out. 

If errors in excess of the number specified by NGlERR 

are f ound, execution of the special ray tracing will 

be terminated. The number (n) of cards required for 

this optional input is twice the number of rays speci

fied plus one (see Card 17B) . 

e 

m 
;i 
~ 
V1 
0'\ 
V1 
I 

w 
I 

-...J 
...... 

~ I < 
0 ...... 
H 



0'1 
0'1 

Special Ray Tracing Input 

IDI 

A I XB(l) Inches* 
B XB(2) Inches 
C XB(3) Inches 

D I IRSTRT I ND I 

e 

(Optional) . Required for each ray specified. CARD: 17B 

El5.7 1-15 
El5.7 16-30 
El5.7 31-45 

ns I 46-60 I 

D 
.,.~., Sls~sl Sl s4ss us~ u 111 ~ u Mjl1" '~" n 1~1!1111" 1111 rs • 

DESCRIPTION 

~X, Y, and Z coordinates, respectively, of the ray's 
tstarting point. 

Region number which contains the ray's starting point. 

(17C 

/ 17B 

• ~ • ~~ Last ray • L./ starting and 
( 17C I e~ points 

( 17B I 
I l__j/1(' Second ray starting (17c 

(17B and end points 
/ 17A 

~ First ray starting and 
~ end points 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the units must be consistent 
throughout the input. 

e 

__, 
() i 

~ ~ 

..... 
'-J 
t:7:l 

e 

;e 
~ 
V1 
0'1 
V1 
I 

w 

' '-J ..... 
<: 
0 ..... 
H 



(J\ 
-....1 

e • 
Special Ray Tracing Input (Optional). Required for each ray specified . I CARD: 17C 

l ~ z 1l• s ' 1 a ~~· 11 14 11 1• .J, 11 11~' zt r1lur~z4rs n ~~~ "-~ 111~ n ~;:Jt ~~~• 11 •zi.J u .L ., ·~•sse s~sz~u4sss. s~sa u -~ '"~u ~~ '*' '"~" n 1~ rw 11 11 n 11 1t • 

ID PARA UN ITS FORMAT COLUMNS DESCRIPTION 

A XBF(l) Inches* E15.7 1-15 \X, Y, and Z coordinates, respectively, of the ray's 
B XBF (2) Inches E15.7 16-30 ending point. 
c XBF(3) Inches E15.7 31-45 

D IRFIN ND ns 46-60 Region number which contains the ray's ending point. 

*Any unit of l ength may be used (inches, feet , meters) 
for t arget data, but the units must be consistent 

throughout the input. 

e 

' 

~ 

("') 

~ .. 
~ 
-....1 
("') 

~ 
~ 
IJr 
(J\ 

IJr 
I 

w 
I 

-....1 
~ 

~ 
0 
...... 
H 
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00 

Special Volume Input (Optional). First of six cards required . 1 CARD : 18A 

l 1 z 1l c ~ •l 1 1 ~~~Cu•c ,:, 11 11~1 1 ltlzz u zljlszc vjn 11..,111 ~ 11 ~~ Jl 1~44 c1 c!jcl u csjc, 111~., se s~sz u s4ssS& slfst 11 .. 1 f! , •• u '*1 A'~" n T~ ll 1111" n II liM 

IDI PARA I UNITS I FORMAT ! COLUMNS I DESCRIPTION 

A IR ND no 

B NGlERR ND no 

e 

1-10 

11-20 

Region number containing vertex XV located at the 
lower right corner of the box (see Figure 25). 

Maximum allowable number of errors. 

Note : 

Volume computations are optional and are performed only 
when IVOLUM (columns 61- 70 in Car d 1) is non-zero. A 
description of the volume computations and the geometr y 
involved is shown in Figure 25. Err ors discovered in 
target descriptions will be print ed out . If err ors in 
excess of the number specified are found , execution of 
the volume computat ions will be terminated . 

e 

I 
("') 

~ 
..... 
00 
> 

e 

~ 
~ 
Vl 
0'\ 
Vl 
I w 
I 

'-I .... 
~ 
0 
...... 
H 



Cl' 
\0 

e e 

Special Volume Input (Optional). Second of six cards required . T CARD: 18B 

A B C 
1 I 1!1 S '' ' I I ~I U 1 ~ 1114 '*' 1111~' lG 1flllllt s ' ' 11~1 II ~~ Ill~ IS~~ Je 1~40 I 4zj.J UI~~I6 1 11~41 It l~llSl s4ss S. S~Sol " I II, .. 61 . 1 5H~rt n I~IJ IIIW n 1111 11 

ID I PARA 

A XV(l) 
B XV (2) 
C XV (3) 

UNITS 

Inches* 
Inches 
Inches 

FORMAT 

E20.8 
E20 . 8 
E20.8 

COLUNNS 

1-20 
21- 40 
41- 60 

DESCRIPTION 

IX, Y, and Z coordinates , respectively , of the vertex of 
an imaginary box (see Figure 25). 

*Any unit of length may be used ( i nches, feet , meters) 
for target data , but the units must be consistent 
throughout t he i nput. 

e 

~ 

~ 
~ 
V1 
Cl' 
\.11 
I 

w 
I 

"'--...... 

~ I < 
0 
...... 
H 



......, 
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Special Volume Input (Optional). Third of six cards required. I CARD: 18C 

l I l 1J1 S aj I I I~~~ ltl_ ll_l~ll II 11~1 !Olllllll!1zS X 11jn II X:. 12llj31 U ~lll l~IJI I 1lf41 441~l II 1~11 Sl ~(sz Sl ~~~ Sl srtst st ll U ~~"IS ~I A l~IO n l~lliiiS II II II It M 
lDI PARA I UNITS I FORMAT ! COLUMNS I DESCRIPTION 

A 
B 
c 

XT(l) 
XT(2) 
XT(3) 

Inches* 
Inches 
Inches 

E20 . 8 
E20.8 
E20.8 

1-20 
21-40 
41-60 \

X, Y, and Z coordinates, respectively, of the upper right 
corner of an imaginary box front (see Figure 25). 

e 

*Any unit of length may be used (inches, feet , meters) 
for target data, but the units must be consistent 
throughout the input. 

e 

I 
n 

~ · 

~ 
00 
n 

e 

~ 
~ 
VI 
0\ 
VI 
I 

w 
I ......, 

...... 

~ 
...... 
H 



....... 
I-' 

e • e 

Special Volume Input (Optional). Fourth of six cards required. T CARD: 18D 

1 1 l 1j 1 s 1I1 ~~O·II~Il141~" llli~S 10 tlzz ll Z~llllllzt II~ l! l*OI ~llt l~CO IC~W c!j4HI4~4SSO~IIZ5l ~SS IIS~St S1 I Cl*ISAj61lU~70n l~lllt/5 lin Tilt• 

ID I PARA 

A I XO(l) 
B X0(2) 
C X0(3) 

UNITS 

Inches* 
Inches 
Inches 

FORMAT 

E20.8 
E20 . 8 
E20. 8 

COLUMNS 

1-20 
21- 40 
41-60 

DESCRIPTION 

IX, Y, and Z coordinates, respectivel y , of the lower left 
corner of an imaginary box front (see Figur e 25). 

*Any unit of length may be used (inches , feet, meters) 
for target data, but the units mus t be consistent 
th roughout t he input. 

~ 
~ I 

;e 
.j::-

V1 
0\ 
V1 
I 

w 
I 

....... 
I-' 

<: 
0 
I-' 

H 



'-1 .,...., 

Special Volume Input (Optional). Fifth of six cards required. I CARD : 18E 

I ! lll S 111 t tJt~-l~lllll~ll ~~~tji~J~~~~~H4ni' IJPtl1 ~ ll ~lS~Ill~ll ~~ U4~111if4t II:.UU~loi~Ull U I~ IS .. II.IItjlln 1~1JJUSIS n lilt . 

ID I PARA I UNITS I FORMAT I COLUMNS I DESCRIPTION 

A 
B 
c 

XA(l) 
XA(2) 
XA(3) 

Inches* 
Inches 
Inches 

E20.8 
E20.8 
E20.8 

1-20 
21-40 
41-60 

~X, Y, and Z coordinates, respectively, of the lower right 
learner of an imaginary box back (see Figure 25) . 

e 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the units must be consist ent 
throughout the input. 

• 

I 
(") 

~ 
...... 
CX> 
t%:1 

e 

~ 
~ 
Vl 
0'1 
Vl 
I 
w 
I 

'-J .... 
<: 
0 .... 
H 
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e • 
Special Volume Input (Optional) . Sixth of six cards required. I CARD : 18F 

I 1 z 1l• 1 &l r • s~D 11 ~t~,._,~-'~~~l~lu Zll~S n njn ll ~~ ll ~IS~~ Jt ~~~1~~~~ u ·~' 11 •tf4s so s1jsz s1 ~~~ sc s~SI st . , n , .. &s &4611 11 1~1111 l~ll 14151111111111 

IDI PARA I UNITS I FORMAT I COLUMNS I DESCRIPTION 

A I DOD Inches* E20.8 1-20 

B I DT Inches E20.8 21-40 

Horizontal dimension of grid cell (see Figure 25). 

Vertical dimension of grid cell. 

Note: 

Volume of any region(s) may be input and compared with 
computed volume(s). 

1-10 
11-30 

no IRl 
E20 . 8 VR 

Region 
Volume of Region 

e 

A blank card is needed to signal the end of these cards. 

If this option is not to be used, a blank card is needed. 

VOLUM requires at least seven cards . 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the units must be consistent 
throughout the input. 

] 
~I 

~ 
~ 
V1 
0' 
V1 
I 

w 
I 

"' 1-' 

< 
0 
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xo 

~ 
DOD 

Special computations are performed to determine the volume of each 
region contained within an imaginary box. The box is defined by specifying 
the X, Y, and Z coordinates of vertex XV and three other corners, XO, XT, 
and XA. Grid cells are established on the front face of the box by speci
fying the vertical and horizontal grid cell dimensions, DT and DOD, 
respectively. 

Rays are traced from the lower right corner of each grid cell from 
the front to the back of the box, and the distances through each region 
are computed and stored in an array. When all rays have been traced and 
the total distances through each region accumulated, the region volumes 
are computed from the region distances and the cell dimensions . 

FIG. 25. Special Volume Computation 
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Region Identification Data. One card for each region. I CARD: 19 

-!-- J--- l- l - -~ l A B C Blank D 

I l 111 i 111 I I~ l ll~l_11_1!ft1_11_11~1 IIIli Ill~ ll_21lzt l~ _ I Ill~ lS lli:Jnu-40 I I~U IH51c&~II~IS 141~1251 ~SSIS~IHt .. 1 U I~ IS .. "H~II 71 l~lliCIS/5 Ill It· 

IDI PARA I UNITS I FORMAT ! COLUMNS I DESCRIPTION 

A I IRN I ND I no I 1-10 I Ordinal number of the region being identified . 

B I ICODE I ND I no I 11-20 I Code number relating the region in question to a 
particular target component (see Table 6). 

C I IDENT I ND I no I 21-30 I Space code when region in question is air space 
(ICODE=O). Space codes have values between 1 and 9 
(see Table 6). If region in question is related to a 
component (ICODE > 0), !DENT may be used as a component 
class identifier in following manner. 

!dent Component Class 

....., I I I I I I V1 10 Skirting material 

20 Hull and turret armor 

30 Target 

These class identifiers will be included in grid cell 
output. 

D I A(I) I ND I 6A6 I 41-76 I Alphameric characters used to verbally describe the 
region in question. 

~ 
~ 
~ 

Follow last region identification card with a blank V1 
0\ 

card. V1 
I 

w 
I ....., 

t;; l ..... 
< 
0 ..... 
H 
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I CODE 

001-099 

100-199 

200-299 

300-399 

400-499 

500- 599ic 

600-699 

700-799 

800- 899 

900-998 

999 

IDENT 

01 

02 

03 

04 

05 

06 

07 

08 

09 

TABLE 6. Region Identification Codes 

Component Codes 

Type of Component 

Refer to internal components 

Refer to types of armor 

Refer to fuel components 

Refer to miscellaneous exterior components 

Refer t o gun components 

Refer to track suspension components 

Refer to wheel suspension components 

Refer to power train components 

Refer to miscellaneous components 

Not used at present 

Soil, ground 

Space Codes 

Type of Space 

External air 

Crew compartment air 

Not used at present 

Not used at present 

Engine compartment air 

Not used at present 

Not used at present 

Not used at present 

No further target 

*ICODE = 501 is reserved for the track. The computer assigns 
502 if the track edge is hit. 

76 
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Specification Card I CARD: 20 

1. z ~I• Jl,B• ,.,ln • 4t~u.L 11 ~., ~•luzHts zwlztlt -tJ•u+ »J$1 lll~UIIIrf!HII~II ~su.szu~ssSisJjyst .. t 1n~ u .. "'~'"' r~fJII I!IWfl ,. . 

IDI PARA I UNITS I FORMAT I COLUMNS I DESCRIPTION 

A I NOAA ND 15 

B IWOT ND 15 

c !TAPES ND 15 

D NAREA ND 15 

1-5 

6-10 

11-15 

16-20 

Number of attack angl es to be computed for grid cel l 
output. 

IWOT ~ 0. Grid cell data will be written on magnetic tape 
unit 1. 

IWOT = 0. No output on magnetic tape unit 1 . 

!TAPES = 0 . 

!TAPES f. 0 . 
printer , but 

Gr i d cell data will be output on printer . 

Grid cell data output will be suppressed on 
Gl errors will be printed. 

Optional calls to Subroutine AREA will be made for the 
number of attack angles specified by NAREA. Subroutine 
AREA computes the presented area of the tar get as v i ewed 
from a specified attack angle. Additional input for 
Subroutine AREA is descr ibed on Cards 22A-22C. 

m 
~ I 

;! 
~ 

"" ~ 
"" I 

'f 
....... 
...... 

< 
0 
...... 
H 



-..j 

(X) 

e 

Grid Cell Description. First of three cards required for each attack angle. T CARD: 21A 

l~~' I .~LI41ll41:"'11~!1 lj!W! 

m PARA UNITS FORMAT 

A I NX ND no 

B I NY ND no 

c IRSTRT ND no 

D IENC ND no 

E NG1ERR ND 110 

F NSTART ND no 

G NEND ND no 

H ICENTR ND no 

C D E F G 
s n nP. n 1 Ul~:l4 l5 ..,, Jel~•o 1 uJu.c •sj.1 ., ·~u so ~u » ~ss 16 ~~~~ n 1 n ~~ 1s 14&1 "'~'' 11 r~n ,. 1s llrtltlt • 

COLUMNS I DESCRIPTION 

1-10 

11-20 

21-30 

31-40 

41-50 

Number of horizontal cells in grid plane (see Figure 26). 

Number of vertical cells in grid plane (see Figure 26). 

Region number containing starting points of rays. 

Region number containing ending points of rays . 

Maximum allowable number of target description errors. 
If errors in excess of NGlERR are found, ray tracing 
terminates. 

51-60 Grid cell number of first ray to be traced (see Figure 26). 

61-70 Grid cell number of last ray to be traced (see Figure 26). 

71-80 :f 0 Originate ray from center of cell 

= 0 Originate ray from random point in cell 

-
§ 
N 

> 

• e 

~ 
~ 
\.11 
0\ 
\.11 
I 

w 
I 

""-J 

""" < 
0 

""" 
H 
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\0 

e • 
Grid Cell Description. Second of three cards required for each attack angle. 1 CARD: 21B 

1 t-z 111 ~ ~l' a '~' tt ,La'~" 111!, 1021lunz~s n nlza zs~r.Pt lH~ lllllt ~~~o 11 ~u Ulsjlw1sse sllszll~s~sll_ll ss l~~~ '~ 's ~~ u "'"" 1~73 141s""" 1111 

I DI PARA I UN ITS I FORMAT I COLUMNS I DESCRIPTION 

A l A Degrees I El2.8 

B I E Degrees I El2 . 8 

C I ENGTU Inches* I El2.8 

D I ZSHIFT Inches I El2.8 

E GROUND Inches I El2 . 8 

1 1-12 

1 13-24 

I 25- 36 

I 37-48 

I 49-60 

Attack azimuth angle measured from the positive X axis 

in a counterclockwise direction. 

Attack elevation angle measured from the X-Y plane 

positive upward. 

I Distance from coordinate system origin to the grid 
plane . Must be in the region specified by IRSTRT. 

I Distance the grid plane is to be shifted in the Z 

I 

direction. 

Z coordinate of ground level. If Z coordinate of 

starting point of ray < GROUND, ray is not tracked. 

*Any unit of length may be used (inches, feet, meters) 

for target data, but the units must be consistent 

throughout the input. 

e 

~ 
~ 

(") 
VI 

~ 
0' 
VI 
I 
w .. I 
--.) 

~ 
1-' 
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Grid Cell Description. Third of three cards required for each attack angle . I CARD: 21C 

l, l l J4 l I~ I I ~I11 1Jil 111~1J 111:110 llllHJli I' ulzt It~~ ll )~ l\ l111l~41 41 I~H44sjq 41 .. 41 Sf *lll ~ll lll~st st .. 11H.HSI~111U~7t11 1~1l 1411 IH7111UI 

IDI PARA I UN ITS I FORMAT ICOLUMNS I DESCRIPTI ON 

A XSHI FT I Inches* I El2 .8 I 1-12 Distance grid plane is to be shifted in the X direction. 

B YSHIFT I Inches I El2.8 I 13-24 Distance grid plane is to be shifted in the Y direction. 

c CELSIZ I I nches I El2.8 I 25-36 I Length and width of each cell in grid plane (see 
Figure 26). I f CELSIZ is left blank, a 4-inch grid 
cell is used . 

~ 

e 

*Any unit of length may be used (inches , feet, meters ) 
for target data, but the units must be consistent 
throughout the input. 

• 

~ 
N 
1-J 
(") 

e 

;e 
.l:'
Vl 
0\ 
V1 
I 

w 
I ...., 

1-J 

< 
0 
1-J 
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NX 

7 6 5 4 3 2 1 

14 8 

21 15 NY 

28 22 

35 29 

~ CELSIZ 

Grid plane is specified by the number of grid cells in the horizontal 
and vertical directions, NX and NY, respectively, and the dimensions of 
the grid cells, CELSIZ. The cells are numbered starting in the upper right 
corner and incremented from right to left . The grid plane is assumed to be 
centered over the target coordinate origin at a backoff distance such that 
all rays originate in one region outside the target . The grid plane may be 
relocated by specifying a distance in the X, Y, and Z directions (XSHIFT, 
YSHIFT, ZSHIFT). 

FIG . 26. Grid Plane Input 
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N 

Subroutine AREA Input (Optional). First of three cards required for each 
attack an2le. I CARD: 22A 

lll 

A 

B 

c 

D 

E 

F 

G 

H 

I 

e 

A B C D E F G HI ! --~-:r.~ r:r-l r I tl• ) •I I I I ~L t~IJ II 1~11 II t.jlll ''IIlli~~ lllll;ot ll I ll I~OI.,.H Jf I~ II ·~JIH~ .. ,.~, It IISHI ~M 16 sljsa u I IU~_,s_ '*""~" I I _II II 5 IW II". 

I 'AI<.A I UN I rs I FllRNA'I' I CLll.LlHNS I DESCIHPTION 

NX ND no 

NY ND no 

IRSTRT ND no 

IENC ND 110 

NGlERR ND no 

NSTART ND no 

NEND ND no 

CELLUN ND A2 

AREA UN ND A2 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-72 

73-74 

Number of horizontal cells in grid plane (see Figure 26). 

Number of vertical cells in grid plane (see Figure 26). 

Region number containing starting points of rays. 

Region number containing ending points of rays. 

Maximum allowable number of target description errors. 
If errors in excess of NGlERR are found, ray tracing 
terminates. 

Grid cell number of first ray to be processed (see 
Figure 26). 

Not used. 

Alphameric characters IN, FT, CM or M, representing 
inches, feet, centimeters, or meters, respectively, 
denoting the units which are used to specify grid cell 
dimensions. 

Alphameric characters IN, FT, CM , or M representing 
square inches, square feet , square centimeters or ~ 

square meters denoting the units of area desired . I~ 
CELLUN and ~EAUN may have different units. If CELLUN ~ 
and AREAUN are blank, units of inches and square inches 
are used. The character M must be placed in column 
71 or 73. 

• 

N 
N 
;I> 

e 

~ 
~ 
V1 
0\ 
V1 
I 
w 
I 

.....r 
1-' 

< 
0 
1-' 

H 



00 
w 

e • 
Subroutine AREA Input (Optional). Second of three cards required for each I 

attack an~le. CARD: 22B 

A B C D E 
.. -l· 

'z 1l• s •I' 1 1~1111 uu'~""'tjlsZtz~uu n z""nJtinuupos l ll~llllllf!Hu~., ssos~uus4u~si!Siu IC!~ll$11Utllni•1HHH&nl111• 

IDI PARA I UNITS I FORMAT I COLUMNS I DESCRIPTION 

A l A I Degrees I El2 . 8 I 1-12 

B I E I Degrees I El2.8 I 13-24 

C I ENGTH I Inches* I El2.8 I 25-36 

D I ZSHIFT I Inches I El2.8 I 37-48 

I E I GROUND I Inches I El2 . 8 I 49-60 

I Attack azimuth angle measured from the positive X axis 

in a counterclockwise direction. 

I Attack elevation angle measured from the X- Y plane 

positive upward. 

I Distance from the coordinate system origin to the 

I 

I 

grid plane . Must be in the region specified by IRSTRT. 

Distance grid plane is to be shifted in Z direction. 

Z coordinate of ground level. If Z coordinate of 

starting point of ray is < GROUND, ray is not tracked. 

*Any unit of length may be used (inches, feet, meters) 
for target data, but the units must be consistent 

throughout the input. 

e 

H z 
~ 
VI 
0\ 
VI 
I 

w 
I 

"'-J 
~ 

<: 
0 ..... 
H 



()) 
~ 

Subroutine AREA Input (Optional). Third of three cards required for each 
attack angle . I CARD: 22C 

ID 

A 

B 

c 

e 

I I II• S It I ~ll' l~ll l~l~ lltlljll Ult!Slljnll;, Ill~ I\ lilt ~4011 4~ 1 U ~~~ 4.11 1tS~!I U~SS6Slfsi U .. l lt~ IH.1 A~71 n ~11141S 1t II II 11• 
PARA I UNITS I FOIU-fAT I COLUHNS I DESCRIPTION 

XSHIFT Inches* El2. 8 1- 12 

YSHIFT Inches El2.8 13-24 

CELSIZ Various El2 .8 25-36 

Distance grid plane is to be shifted in X direction. 

Distance grid plane is to be shifted in Y direction. 

Length and width of each cell in grid plane (see 
Figure 26). Units may be inches, feet, centimeters, 
or meters as specified by CELLUM (see Card 22A). If 
CELSIZ is blank, a 4-inch grid cell is used. 

*Any unit of length may be used (inches, feet, meters) 
fo r target data, but the units must be consistent 
throughout the input. 

• 

....... 

~ .. 
N 
N 
(") 

e 

li 
~ 
Vt 
0\ 
Vt 
I 

w 
I 

"-.. ..... 
< 
0 ..... 
~ 
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DATA DECK SETUP 

Figure 27 ·illustrates the data deck setup for normal operation. In 
this case, the target geometry is input with the data set. For production 
mode operation, the target geometry will have been processed previously and 
stored on magnetic tape. The data deck setup for production mode operation 
is illustrated in Figure 28. 

Figures 29, 30 and 31 illustrate the data deck setups used for t he 
optional routines available. 
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1 

Grid cell and 
attack angle data 

One card for each region 

One or more cards as required 
for each region 

Body cards as required. Must be 
arr anged according to their 
ordinal number. 

One card for each RPP. Must be arranged 
according to their ordinal number. 

Target input constraints 

Title card 

Program option card 

FIG. 27. Normal Mode Deck Set-Up 
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Grid cell and attack 
angle data 

Specification card 

One or more cards as required 
for each region 

Program option card 

FIG. 28. Production Mode Deck Configuration 
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Blank 

Special ray tracing 
input. 

Omit if target geometry is 
to be input from tape. 

FIG. 29. Special Ray Tracing Deck Setup 
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Blank 
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Special volume 
input 

Omit if target geometry is 
to be input from tape. 

FIG. 30. Volume Computation Deck Setup 
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--Special area 
and attack 
angle data. 

Omit if target geometry is 
to be input from tape. 

FIG. 31 . Area Computati on Deck Setup 
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SECTION III 

OUTPUT 

The output of the MAGIC program consists of two major groups of data. 
The first group consists of the target description data. This data is printed 
out during Subroutines MAIN and GENI and is used to provide a record of the 
body input and region description data. The second group of data consists of 
the ray tracing output from each cell of the grid plane. This data is printed 
out to provide a printed record and/or written on tape during Subroutines GRID 
and TRACK for subsequent vulnerability analysis. 

Figure 32 illustrates the major portion of the first group of output 
data. This data consists of the input of the various bodies and their dimen
sions as well as information on the number of times each of the eleven body 
types was used in the target description. Also included are the values of 
the major pointers in the MASTER-ASTER array after the body data input. The 
major pointer names are defined as follows: 

LBASE beginning location of the l~TER-ASTER array, and the 
beginning location of the RPP pointer data 

LRPPD beginning location of the RPP minimum/maximum values 

LABUT beginning location of the abutting RPP data 

LBODY beginning location of the body pointer data 

LBOD beginning location of the body dimension pointers 

LDATA next available storage location after the body dimension 
pointers. Used as an index in storing data in the 
MASTER-ASTER array 

LBOT beginning location of the body dimension data before 
the body dimension data is moved in the ASTER array 

NDQ last storage l ocation of the MASTER-ASTER array 
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TNII IS THE &l ·~~ 69 VERIIO~ OF 
THE IALESC NAIIC PRO&RAN •••••• 

IUIH UECUTtOH 

PTEI IEHI 

ITART AEADIHI SO~IP DATA 

IA"Plt INPUT 

NO, OF RECTANGULAR PAIALLELE~JPEDI 1 
NO, OF IOLJftS 24 
NAX NO, OF REGIONS 12 

RECTANIULAI PARALLELEPIPED INPUT -100011,00000 &oooo,ooooo-&oooo,ooooo 1oooo.ooooo-1oooo,ooooo 

OUCRIPTIOII OF Sot. I 08 z 2 l'OX 75 , 0(1000 •36,00000 UeGOOOO •150, 00000 o,ooooo o.ooooo 72.00000 O,GOOOO o. ooooo o,ooooo J 3 oox , •• ooooo -ill!. 00000 13 . 00000 • u1.ooooo o,ooooo 
11.00000 70.00000 o.ooooo o.ooooo o.ooooo • • AR6 75,00000 •36,00000 12.ooooo 7s.ooooo 36,00000 75,00000 36,00000 41,00000 18,00000 •:S6,DUOOD 

too . oonon o.ooaoo u,ooooo 100,00000 0,00000 lOn,OOOIIO o.ooooo u.ooooo uo.ooooo o,ooooo 
I 2 3 • 6 4 J e 6 l I t 6 2 J 7 7 4 I ~ s s ARB • 75,00000 •36,00000 u.ooooo -1s.ooooo 36,00000 •78,00000 36,00000 48 , 00100 •75.00000 •31 0 110000 

•&oo,oonoo -z•.ooooo u.ooooo •100,00000 z•.ooooo •lOo,Oot'on u.ooooo ao.ooooo •&oo.ooooo -u.ouoo 1 2 J • li I 7 • 3 .. • 7 I ~ 6 & 2 J 7 • 6 6 I!LL tii.OOODCI o. ooooo ••.ooooo •• o.ooooo o.oooo1 511.000110 7 1 CLI. 7 OoODIIIIO o.ooooo •1.ooeoo 14, 00000 11.00000 u.oooon 
7 7 ti.L 7 •to,.9J59 o.ooooo •6. ooeoo 19 , 493119 1.ooooo ••• ooooo 1 e 'ICC 60 . 011011!1 •16.00000 12. 00000 o. ooooo •• ooooo 

17.000011 
9 9 11r.c 6n,oounn 36,00000 u.ooooo o.ooooo -1.ooooo ta.ooooo 

10 10 RCC •60,000011 •36,00000 aa.oooou o. ooooo •.ooooo u.ooooo 
11 II "cc • ln.OOOOII ~6.00000 aa.ooooo o.ooooo -•.ooooo l2. 00000 
11 u I\ OX •70,000011 -ao.ooooo &!1 . 00000 •o.ooooo a.ooooo o.ooouo •o.ooooo o.ooooo o.ooooo o.oaooo 13 1-' R~o! •7o.ooono •10,00000 4!1,0000U 0,00000 0,00000 

o.oocooo 10.011000 o.ooooo •o.ooooo o. ooooo ,, .. A•• •7o.OOOIIII 20 , 00000 •s.oooon o.oo ooe o.ooooo (1,0110110 •10.00000 o. ooooo •o.ooooo f'.ooooo 15 I!> A IIIII -711.0001111 • 10 , 00000 •a.ooooo -70, 00000 10 . 00000 •711.000011 0,00000 35.ooooo -To. ooooo o. ouooo •Jo,OOIIOn • 10.00000 45.00000 •3o. ooooo 10.00000 •3n,OOc>On 0,00000 35,00000 •3o.ooooo o.ooooo 
l I 2 4 7 6 s • I 3 7 I 2 3 7 • 1 I I II 

FIG. 32. Sample Problem Body Data 
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&oooo.eoooo 

o.ooooo 
36.00000 
o.ooooo 

J4o00000 
u . ooooo 
... ooooo 
12. 00000 
az.ooooo 

1 • 1 e 
11o0000D 
•l,ooooo 
&a . ooooo 
ao.ooooo 

I 4 I II 
•1.ooooo 

o.ooooo 

41.10100 

o.ooooo 

o.ooooo 

o.ooooo 

0.10000 

o.ooooo 
JO.OIOOO 

•10tOOOOG 
o. ooooo 

•ao.ooooo 
o.ooooo 

.s.ooooo 
J5.ooooo 
45.00000 
.1!5.00000 

I 2 I !I 
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1616 ARS NUHIIER OF CURVES M• .. 
"lUI18ER Of POINTS PER CURVE N• !5 
NU;lllEI! 0, POI~TS IN tit~· 211 
NUIIflER 0, POINTS 5TOR(I) ~P•2'<1H•II• 30 
TCITAL STORAGE: NSTII•~NP+82• 202 

-ro.oooo -zo.oooo 15.0000 •70,0000 -2o,oooo l&.oooo 
•70,0000 •20,0000 15, 0000 •70,0000 -2o,oooo u.oooo 
-1o.ooon •!lO. 0000 u.oooo 

-70 , 0000 - 20,0000 15 , 0000 •70,0000 •ln , oooo u.oooo 
-To.oooo - 10.00110 25,0000 •7o,uooo •20,0000 311,0000 
•70,ooon •20,0000 l!J,OOOO 

•IIO,OCO(I •20,0000 1!5,0000 •30,0000 -1o,oooo 1s,oooo 
• 30 ,0 000 -10,0000 211 , 0000 •30,0000 •2n ,oooo 3&,0000 
-:so ,oono •20,0000 1!1,0000 

-:so,OOiln -20,00110 15,0000 •110,0000 •2(1 , 0000 l&,oooo 
-:so,ooor •20,0000 u.ooou · 3 0,0000 •20,0000 l&,oooo 
-:so,ooou •20,00110 l!i,OOO~ 

~Ur18ER 0, TRIANGLES DESCRI&Ev 28 
NUI18EIP 0, NO~·DEOE~ERATE T~IANGLES 12 

I 7 17 Ai;S ~UI181:.R or CUR~[$ "" 5 
NVI18(R OF POINTS PER CURVE N• 4 
NUNI<ER 0~ POINTS IN HH• 20 
~U~8ER OF POINTS STORED HP•2N CI1•1 1• 32 
TO'•I. aTOR .t.G£ r1SfR•4tiP+II2• 210 

•70 , noon 20.0000 1!1,0000 •7o ,oooo 2o,uooo t5,oooo 
-:so.oooo 20,01100 15,0000 •30,0 000 a o,oooo 15 , oooo 

•70.0000 20,0000 15.0000 -7o, ~J ooo 10,0000 l&,oooo 
•30 , 000~ 10,00(10 ts,oooo -30,00011 2n .uooo l!i,oooo 

•70, 0000 20 , 0000 15 . 0000 •7n.oooo IO.OOOQ 2~.0000 
•30,0 000 10.01100 2~.ooon •30, 0000 20,0000 l!i ,oo oo 

•70,000(, 20,0000 1!\,ooou •1o. vvoo 2o,uooo J!i,ooon 
•30, 000(1 20,0000 35,0000 •30,00~0 20,0000 a&,ooon 

•70, 00011 2o.ou n.; 15.0000 _, , , ·~ 00 2n,onoo 1:>,oooo 
•JO, t ll 'IO ao.o ovo l"i,OOOO •30 , 0000 2n.oooo t5.oooo 

14UM"'t. ' 0~ Till u,:;, tS iltSCR18Eu J~ 
Nu 19£R 0~ h0N·OEGE~l~ATt TII1A l'iGd.8 12 

I& 10 ~(( 0,000•)0 O,OOIIJP ~•.oooou o.c .. h'"v II , Ouooo z&.onooo 
n. C;00 t)l1 1 .:;oc; ., o 0,110000 5 ,001)00 o.ooooo o.ooooo 19 I« SF'., 1\,oo r,o n 0,000 0{1 52 , 000 00 5,0 0000 

20 20 Tf.C o.oooo~ •7,50000 ~9,0COOO 20,0000~ r. . oooon •12.00000 
o.oooor O,OOO(In ~.ooooo 0 , 00000 2,ouooo o.ooooo 
2.000<ln 

20 ~ 0 TEC: 0 . Oi'· .J ~o .' •1,50000 e9, OU00 \1 20,00000 Cl,<>llOoo •12.00000 
•. ar.q'hH. O,OOv!' 1 o,oooou o,oooo~ 0,00000 t . ooooo 
~'·o ;.n,J o 2,000"~ 7.00000 

2L 21 TEC o,onooo 7.50~~p ~<1.:)00011 20.00000 o,ouooo -12 . 00000 
0,0000(1 o.ooooo 3,000011 o.ooo11o 2 ,ouooo o.ooooo 
2,000110 

21 21 TEC ". ,.,~oo o 1,SO()v0 4 9 , 01100~ zo.ooooo o . ouooo •12.00000 
1, r.cnoo o.coouo n , onnoo o.ooooo n .ouooo 1.ooooo 
3.uoooo z . oooon z.ooooo 

FIG. 32. Sample Problem Body Data (Continued) 
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22 22 TRC ~2.00000 -4,50000 27.00000 32 ,00000 o,ooooo •u.ooooo 
3 . 00000 2 , 00000 

23 2J TRC •2. 00000 •,50000 27.00000 32,00000 0,00000 •12.00000 
3 . 00000 2 . 00000 

a• 2A TOR 21,50000 o . ooooo 37,00000 L,OOOOO o , ooooo o . ooooo 
a.ooooo 1 . 00000 

24 24 TllR 21,50000 o . ooooo 37 , 00000 1,00000 o,ouooo o.ooooo 
a,ooooo 1,00000 

25 2!5 ARII 21.:00000 •6,00000 33 . 60000 21.50000 6,00000 .lo5 . 50000 
21,50000 o.ooooo ~4.1100011 40, 00000 o.ouooo ;s7,ooooo 
21,50000 •6,00000 33,!!0000 21,50000 6 , 00000 J3,!5000II 
21 . 50000 o,ooooo 44 ,ooooo •o ,ooooo o , ooooo 37,00000 
~ I 2 7 2 l • 6 4 :s 2 8 I J 4 !! ;, 1 2 1 3 J 2 7 

f iNISH READING SOLI 0 DATA 

BOX SPH "ce REC TRC ELL RlW ARB TEC TOR ARS 
3 1 4 1 2 2 2 4 2 l 2 

~BASE LRPPO l 48UT LBOOY LIIOD LnHA I. BOT NDQ 
I ~~ 15 15 90 1!51 9JI9 10000 

FIG. 32. Sample Problem Body Data (Concluded) 
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Figure 33 illustrates the printed output during the region storage phase 
of Subroutine GENI. This data consists of a record of the region data descrip
tion input. as well as information on preparation and checking of the region 
data . Also included are the values of major pointers used in the region 
description storage and pointers to reserved storage areas. The major pointer 
names are defined as follows: 

LREGD 

LREGL 

LENLV 

LRIN 

LROT 

LIO 

LEGEOM 

beginning location of the region pointer data 

beginning location of the operator/body number data 
for each region 

beginning location of the region enter/leave tables 

beginning location of the storage section reserved 
for entry intersect distance data 

beginning location of the storage section reserved 
for exit intersect distance data 

beginning location of the storage section reserved 
for Subroutine Gl working storage 

next available storage location at the end of the 
target geometry 

Figure 34 illustrates the printed output during the region identification 
storage phase of the MAIN program. This data consists of a printed record of 
the component code or space code, and description, of each region of the target 
geometry . Also included is the value of pointer LIRFO , the beginning location 
of the region identification data in the MASTER array . 

Figure 35 illustrates the first page of the ray tracing output from each 
cell of the grid plane for the first aspect angle computed. This data con
sists of several major items of information as follows: 

(1) The number of aspect angles to be considered are printed out 
from the MAIN program. 

(2) Information defining the grid plane and identifying the present 
attack aspect angle is printed out during Subroutine GRID with 
the following data: 

NX number of horizontal cells in grid plane 

NY number of vertical cells in grid plane 
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IIEOIOH COHBJ HA TlON IIAT4 1 ( II •21 _, , 
I - 51 I •61 I -·· I -91 I •101 I • Ill 2 lOR 21 •;J) _,, I •&I I •91 I •101 ( •Ill (011 41 fOR 51 3 I 61 •11 ·21 I 01 I 01 I Ol I nl I 01 I 01 ' I Ill 01 01 I 01 I 0 I I Ol I n 1 I 01 I 01 ' I 9) 01 01 I 01 I 01 I 01 I Ill I 01 I 01 6 I 10 1 01 U I ( 01 I 01 I 01 I t'll I 0) ( 01 7 I I ll 01 0 I ( Ol I 01 I 01 ( 01 I 01 I 01 e !OR 31 I •181 •1 9) I •20 I I •211 I •22 1 ( •:lJI I •2'1 I ·281 I · 81 I •91 • J OI I -11 1 I •UI fOR 71 ( • Ill I I -191 I •20 1 I •2 11 I -2•1 - 251 l OR 131 lOR ,., lOR 111 1 fOil 161 !OR 171 I 0 I 9 I Jl I 121 r •tJ ) ( •14 1 I •I !II I •16 1 I •171 I a I I 0 I I 0 cOR 161 ! OR 191 COR 201 lOll 211 lOR 221 COR tlll I til I 01 ( 01 11 31 ( 241 I •25 1 I 01 I 0 I 0 I I 01 I 01 I 01 12 31 I 251 I 01 I n 1 I 01 0 I I 01 I 01 ( OJ 

, HOIH RU DIN& REGION DATA 

fJHJIH PUS or ENTER LE AVE USLE 

"HUH A PASS or [NT£11 LE AVE HBL£ 2 
TOTAL POOH fOR GEO~ETRT DATA LESE Oil• !025 
liiEOD LI1EOL lENL ~ LRIII li!OT LIO LE.0£01\ 770 7112 115 1 '1">0 '17'5 1000 1025 
lr:AYlNG GENI 

FIG. 33 . Sample Problem Region Table 
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REGioN 
REGION 

TYPE OUA 
CODE 

FOLlOWS L I R~ 0• 997~ 

TYPI! DESrRtPTION 

1 0 1 OUfSIOE AIR 
2 100 0 9oDv 
3 10t 0 suBaLe 
4 U1 0 WHEEL qiGHT FRONT 
s 15?. 0 w~o~EEL 1-ErT rRON ' 
6 1'53 0 WHEF.L RIGP1T ~EAR 

7 U4 0 loi"'EEL L!:FT REAR 
II 0 2 jJ R INSIOE 
9 200 0 !NGINE 

10 300 0 '4A'I 
11 40 0 0 STEERING Wlo4EEL 
1. 2 .,1 0 ~TEER!N(j SHArf 

FIG. 34. Sample Problem Region Identification 
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NUH OF ASPECT AN GL ES FOR ORID !6 7 

NX 37 NY 71 IRSTART IENC NIT AR T Nr~o 2a21 

DATU" LINE AT l• 
DIOUND IS AT 1• 
iSHIFf IS AT X• 
YSHIFT IS AT Y• 

OoOOO ~ITM RES,ECT TO THE ORIGIN 
•500,000 WITH RESP£CT TO THE D~I 81N 

o,ooo WIT~ RESP(Cf TO THE ORI&IN 
0,000 WI TH RESP(CT TO THE ORIGIN 

0,00000 ELfYATIDH 0,00000 BACK OFF DIIT 20 0 , 0000u 

O'fiON SET TO COhP~TE RANDO" POIHT IN CCLL 

• .o 62,0 30 10,50 •10 ,50 o 1 o 
101 • • 89 0.99 74, 5 2 11.22 101 

a, o 62,0 98 1.1 a -1,18 o 
101 2.35 a. oa aa .• ~ ~ .oo 

u 
0 

o,o 62,0 50 12.1& -12.1 8 0 1 u 
101 3,71 o. v& 71,5 2 1~ .93 tnt 

•a, o 62. 0 ~3 9,7a ·9,16 o 1 u 

2 2 31 3,700 61,100 
~.69 1.oo 8a.o 9 o.oo 

I I 31 2,900 62,700 
o.oo o.oo o.o 0 o.oo 
2 0 31 0 ,1 00 61.100 

3.71 0,99 77.6 9 0, 00 

2 • I Jl •1 0 700 bl,700 

2 31 

3 1 

0 Jl 

101 5 ,79 0.9? 75 . 7 2 1,98 101 5,79 1,00 a•.• 9 0 ,00 •I Jl 

n 0 ·l JJ •5,JOO 61,700 -a.o 62.o al ~.o~ •5,o6 o 
101 10,12 1 . 0~ 82,9 ~ o .DO u o,oo 0,00 o.o 0 o.oo •J 31 

a,o 6o,c 5o 13 , 39 •13 , 39 o o 1 2 
101 3.17 0.9C ~9.2 2 20,45 lUI 3,17 

30 6,100 5~ . 10 0 
0.~9 74,6 9 o.oo 

4 0 0 60,0 ~ 13,34 • IJ,J4 0 I ~ 
101 l,l9 0,98 69, 3 2 20,31 I O\ 

2 2 JO 3,100 60, 300 
3 . 19 0, 99 , ••• 9 0,00 

t,o 60,o 2• 15,01 •15.o1 o 1 u 2 1 Jn 1.eoo 59 ,900 101 2,~3 0 ,97 65,7 2 24,16 10 1 2 ,63 0, 91 10,8 9 o.oo 

0,0 60,0 52 16 . 05 • 16 , n5 0 1 o 1 2 n 30 0 ,100 59,500 
10 1 2 .36 o.97 bJ,J t 21 ,31 loa 2.J6 0.96 6a, o 9 o , on 

2 • I 30 •1,700 59.300 

3 3 0 

2 3 0 

o Ju 
•2,0 60,0 61 16, 19 •16.1 9 0 I 0 

101 2,33 0,97 h3,0 2 27. 1 3 1~1 2,33 o.9a 67,6 9 o.no -1 Jo 

·4,0 60,0 16 11,97 •II,Q7 n I ij 
101 3,62 0,96 71,9 2 I A, 31 101 

2 •2 JO •4 ,700 6 0_300 
3.82 0 .99 78 , 1 9 o.oo •2 30 

2 • 3 30 -5.300 60,100 •6,o 6n , o 85 l t,a• - 11.a• o 1 o 
101 3 , 9n 0 .96 12.1 i 15,90 1n1 3,90 0 . 99 7a,4 9 o .oo •J 30 

10,0 so .o 92 ~.65 •6, 65 0 
101 13,3 1 ~ . 90 80.6 9 o.oo 

0 0 1 ~ 29 10.900 b/,500 
o o.oo o.oo n. o o o.oo 

8 . 0 58.0 I 15,64 • 15,64 0 I 0 1 2 4 2~ 7,\00 ~7,JDn 
101 2.~6 o . 97 64,3 2 26 . J6 1~1 z.•a o.oa 69, o o o. oo 

6. n 5t . o 20 17,63 ·17 .~3 o 1 n 
101 z,o2 0,97 59,2 2 31,22 1o1 

4, 0 50 , 0 ~ 4 17,62 • 17,62 0 I U 
10 1 2 , 02 o .97 59,2 2 31, 19 10 1 

2 29 5,500 57,100 
2,02 0,97 ~J.5 9 o.oo 

2 2 29 3,900 57,900 
2.02 0,97 6S,5 9 0,00 

3 zv 

2 2Y 

2 

2 

2 

2 

2 

2 

2 

2 

CELL Sll£ 

FIG . 35. First Page Cell Data Output, Case 1, Sample Problem 
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IRSTART region number of attack plane 

IENC region number enclosing target and attack plane 

NSTART starting cell number for ray tracing (usually 

first cell) 

NEND last cell number for ray tracing (usually last cell) 

CELL SIZE horizontal and vertical dimensions of cells 

(3) Information defining the ground level with respect to the origin, 

and the amount the origin and center of the grid plane is to be 

shifted in the x, y, and z direction are printed out during 

Subroutine GRID 

(4) Information defining the aspect angle (azimuth and elevation) and 

the distance between the grid plane at the origin of the target and 

the attack plane from which the rays originate are printed out 

during Subroutine GRID. 

(5) The ray intersect data for each ray and the resulting component 

intersection data is printed out and recorded on magnetic tape 

during Subroutine TRACK. This is the primary data from the MAGIC 

program and is used by subsequent computer programs for vulnerability 

studies. There are two groups of data written out for each ray. 

The first group composes the first line of data and consists of 

grid cell and general ray data defined as follows : 

~.o &a.o Jo 1n .~o -1o.so a 1 o 1 2 2 31 

I IlH T T fL~~TJI 
MARMR 
ARG 

MSKRT 

3.700 61.100 

TT 
H V 

HREF horizontal distance from center of grid plane to center of 

specific grid cell 

VREF vertical distance from center of grid plane to center of 

specific grid cell 

IVIH two-digit random number 
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IVIH two- digit random number 

Dl distance from first intersect of target to center grid plane (positive if intersect occurs on front side of plane, negative if intersect occur s on back side of plane) 

02 distance from last intersect of target to center grid 
plane (negative if intersect occurs on back side of plane, positive if intersect occurs on front side of plane) 

MSKRT flag for indicating skirt material 

MTARG flag for indicating target 

MARMR flag for indicating armor 

MVOL flag for indicating interior volume 

IQUT number of components hit along ray 

IH horizontal grid cell number from center of grid plane 

IV vertical grid cell number from center of grid plane 

H horizontal distance from center of grid plane to random point in grid cell 

V vertical distance from center of grid plane to random point in grid cell 

The next line(s) consists of the ray intersection data (two components per line) and composes the second group of data defined as follows: 
FIRST COMPONENT SECOND COMPONENT 

101 .-,e9 

TT 
NIR SLOS ·s: If sr.r .I f r l. r Itr 

NTR ANGLE SSPACE IV NTYPE 

NIR region idenLification (component code) 

SLOS line-of-sight distance through region following intersect 
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SN normal distance through region 

ANGLE angle between normal and ray at intersect 

NTYPE space code of following region 

IH horizontal grid cell number from center of grid plane 

IV vertical grid cell number from center of grid plane 

N consecutive number of component intersected by ray 

(6) At the end of the grid cell data, the consecutive number of the aspect 
angle completed, the number of Subroutine Gl errors encountered, and 
the number zero component code errors are printed out during the 
MAIN program- before processing the next aspect angle. 

Figure 36 illustrates the first page of the ray tracing output for the 
second aspect angle computed. 
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END 01' CUt 

HUN8£R Or 81 ERRORS ENCOUNTEREp 0 

HUNBER OF 0 ITEHS ENCOUNTEREn 0 

NX Nr 37 IRSTART IE~C NEND 11!$7 

DATUN LI~E AT Z• 
&ROUND IS AT Z• 
XSHIFT IS AT X• 
UHtrT IS AT 't• 

0,000 WITH RESPECT TO THE ORIGIN 
• 500.000 MITH RESPECT TO THE ORIGIN 

0,000 NIT~ RE5PECT TO THE ORIGIN 
0,000 WITH RESPECT TO THE ORIGIN 

90,00000 ELEVATION o,eoooo BACK OH Dl8T too.ooooo 

OPTION SET TO CHOOSE CENTER OF CELL 

tt.o 6o, o o 5,40 -s.•o o 1 o 2 J 15 12,ooo to,ooo 
101 3,67 o . 9a b7,t 2 J.~& 101 ~.67 o.o8 8a, t 9 o,oo J 111 

1,0 60,o o 7,61 •1,61 o t o 2 2 t5 8,ooo 6o , ooo 
tot 2.12 o,o9 se.J 2 to,99 1~1 a.12 o.9o 65,9 w o.oo 2 15 

4,0 60.0 0 & . ~7 •6,67 0 1 0 2 15 4,000 60,000 
101 t,es 1,oo s•.J 2 13,65 1o1 1.e5 t,oo 60,5 o o.oo 

o,o 6o,o u 9.oo -o,oo o a o 2 o 15 o,ooo 6o,ooo 
101 1 , 19 1.oo 53.1 2 ••.•a 101 t.79 1,10 5t,o 9 o,oo 0 Ill 

-4. o 6o,o o a.67 -8,67 o , o 
101 1,&5 1.00 s•.l 2 13.65 tnt 

2 -1 15 •4,000 60,000 
t.•a J.oo ao.a 9 o,oo ., 1a 

•6,0 60,0 0 7,61 •7,&1 0 I 0 
101 2 , 12 0,99 58,3 2 10 , 99 101 

-12,0 6o,o o s ,•o •5,•o o 1 o 
101 3.67 o.oa &7.1 2 J , 46 1n1 

2 •2 15 -a,ooo 6o,ooo 
1,12 0,99 65 ,9 9 o,oo •2 lb 

2 -a ts • 12 . ooo 6o,ooo 
J.67 o.9a aa.t 9 o,oo •J lb 

ao,o 56. 0 o •.12 ·•.sa o 1 o o 1 5 1• ao . ooo 56,ooo 
lOt 8,25 0,97 69.~ 9 0 , 00 o 0.00 0,00 0,0 0 0,00 5 14 

16 , 0 
101 

tz.o 
101 

6,0 
101 

4,0 
101 

o.o 
101 
101 

56,0 
1.25 

'56,0 
1,21 

56,0 
1,20 
1.20 

0 
0,91 

0 
0 , 98 

0 
0,99 

0 
1.00 

0 
t.oo 
l.OO 

11,30 
49.9 

•6,30 0 I 0 
2 u . •o 101 

•10,45 0 I II 
2. 111 • 22 I lol 

•11,75 0 I u 
2 21,00 I 0 I 

•12,46 o 1 n 
2 22,50 lUI 

-12.119 0 I 0 
2 8.~9 31'0 
9 0,00 I) 

2 
1.60 

2 
1, 21 

3 
6,00 
o,oo 

• 14 
0,97 

J H 
0.9& 

14 
1,00 

0 ,. 
5,(10 
o . oo 

12.000 
••• 6 

8 , 000 
31,1 

•.ooo 
311,1 

o.ooo 
53,1 

o . o 

0 

2 
0 

ISb,OOO 
o.oo 

56,000 
o.oo 

56,000 
n.oo 

56,000 
o.oo 

56 , 000 a,,, 
o.oo 

2 " 

0 a. 
0 " 

2 

2 

a 

2 

2 

2 

2 

2 

2 

2 
3 

- •.o ~6 . 0 o 12,46 -12 , 46 o t u 1 2 •I 14 -•.ooo 56,ooo 
tnt 1 , 21 t . oo 33,1 2 22,50 101 1 . 21 t,oo 3S,e 9 o.oo -1 , . 2 

FIG. 36. First Page Cell Data, Case 2, Sample Problem 
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SECTION IV 

SAMPLE PROBLEM 

PROBLEM DESCRIPTION 

A simplified target representing a vehicle with a driver is used in the 
sample problem. At least one of each body type incorporated in the MAGIC 
simulation is used in the target description. Figure 37 shows the sample 
target and body types used in the region descriptions. Figure 38 contains a 
plotter description of the exterior surfaces and Figure 39 shows the interior 
surfaces. 

SAMPLE PROBLEM INPUT 

Data checksheets and table forms are used to illustrate the input param
eters for the sample problem. A listing of the complete input data set is 
shown in Figure 40. 
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DATA CHECKSHEET 

CARD ID PG PARA VALUE CARD ID PG PARA VALUE 
1 20 IRDTP4 (blank) 16 USE 

20 IWRTP4 (blank) REGION 

20 
TTRST~ (blank) _TABLE 

20 IRAYSK (blank) 

20 ICARD! (blank) 17A 65 NRAYS ---
21 IENTLV (blank) 65 NGIERR ---
21 IVOLUM (blank) 

2 22 IT(I) (Title) 17B 66 XB(l) ---
"Sample 66 XB(2) ---
Input" 66 XB(3) ---

66 IRSTRT ---

17C 67 XBF(l) --
3 23 NRPP 1 67 XBF(2) ---

23 NTRIP (blank) 67 XBF(3) ---
23 NSCAL (blank) 67 IRFIN ---
23 NBODY 24 

23 NRMAX 12 17B 66 XB(l) ---
23 IPRIN (blank) 66 XB(2) ---
23 IRCHEK (blank) 66 XB(3) ---

66 IRSTRT --
4 24 X(l) -10000. 

24 X(2) 10000. 17C 67 ~ ---
24 X(3) -10000. 67 XBFi_2_l ---
24 X(4) 10000. 67 XBF(3) ---
24 X(S) -10000. 67 IRFIN ---
24 X(6) 10000. 

5-15 USE 

BODY 

TABLE 
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DATA CHECKSHEET 

CARD ID PG PARA VALUE CARD 10 PG PARA VALUE 
18A 68 IR ---

68 NGlERR ---

18B 69 XV(l) ---
69 XV(2) ---
69 XV(3) ---

18C 70 XT(l) ---
70 XT(2) ----
70 XT(3) ---

18D 71 XO(l) ---
71 X0(2) ---
71 X0(3) ---

18E 72 XA(l) ---
72 XA(2) ---
72 XA(3) ---

18F 73 DOD ---
73 DT 

19 USE ---

REGION ---
IDENT ---
TABLE ---

20 77 NOAA 2 

77 IWOT (blank) 
77 ITAPE8 (blank) 
77 NAREA (blank) 
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DATA CHECKSHEET Grid Cell Description. Enter data for each attack angle desired. 

CARD ID PG PARA VALUE CARD ID PG PARA VALUE 

21A 78 NX 37 21A 78 NX 51 

78 NY 71 78 NY 37 

78 IRSTRT 1 78 IRSTRT 1 

78 IENC 1 78 IENC 1 

78 NGlERR (blank) 78 NGlERR (blank) 

78 NSTART (blank) 78 NSTART (blank) 

78 NEND (blank) 78 NEND (blank) 

78' I CENTER (blank) 78 I CENTER 1 

21B 79 A o. 21B 79 A 90. 

79 E o. 79 E o. 
79 ENGTH 200. 79 ENGTH 200. 

79 ZSHIFT 0. 79 ZSHIFT o. 
79 GROUND -500. 79 GROUND -500. 

21C 80 XSHIFT 0. 21C 80 XSHIFT (blank) 

80 YSHIFT 0. 80 YSHIFT (blank) 

80 CELSIZ 2. 80 CELSIZ (blank) 
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DATA CHECKSHEET Area Input. Enter data for each attack angle desired. 

CARD ID PG PARA VALUE CARD ID PG PARA VALUE 
22A 82 NX --- 22A 82 NX ---

82 NY --- 82 NY ---
82 IRSTRT --- 82 IRSTRT ---
82 IENC --- 82 IENC ---
82 NGlERR --- 82 NGlERR ---
82 NSTART --- 82 NSTART ---
82 NEND --- 82 NEND ---
82 CELLUN --- 82 CEJLUN ---
82 AREA UN --- 82 AREAUN ---

22B 83 A 22B 83 A --- ---
83 E --- 83 E ---
83 ENGTH --- 83 ENGTH ---
83 ZSHIFT --- 83 ZSHIFT 
83 GROUND --- 83 GROUND ---

22C 84 XSHIFT --- 22C 84 XSHIFT ---
84 YSHIFT --- 84 YSHIFT ---
84 CELSIZ --- 84 CELSIZ ---
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1-' 
1-' 

e 
USED FOR: SAMPLE PROBLEM 

BODY 
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NO. X y 

e 
BODY TABLE 

SCALARS AND VECTORS OF THE BODY 

z X y 
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y z X y z DENTIFICATION 
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~ 
~ 
0\ 

USED FOR: 

REGION 
NUMBER 

I \ ) 4 S o 1 8 9 I~ 

I I 11_1_1~ 

....LLL · I ~ 

l I I I ..1 

I l I I I"' 

I I I l I s 
I I I 1 1_ ~: 

• l_ _j_ 1 1 1 I ' 

I I I I I} 

I 1 1 11 
1 1 J I I ,/~ 

I I I I tl_d_ 

l I l I~~~ 

l I I I I I 

I I I 

I I I I 

I I 

I I I 

_I I I I I I I 

I 

1 I I l I I 

i ..1-l. • ...L.J... • 

e 

SAN,J.£ l'#c6.l.l,., 

AIR SPACE 
ITEM CODE CODE 

II 12 I) IJ. IS 16 11 II 19,21: 21 2' 2\ 24,7S. 21;_71, 78,29 lO 

_l I I I I I I l I ~~/. 

l l I I I II~ I I 1 I ..J.. 

.L.Ll_ I . I J t'Jt/ i I 

I I I I lj..s;J I ' I 

l I I I J.S.,_ I I I I I LL...L. 

I I I I J.SJ I I I I I I I I 

I I Ih .r."i .L.L...L....LI I I I 

I I I I I I I I I ~.,:) 

l I 1 I I .,~.fj I I I I 1 .1-l-1..1 

I l I I 3~l) ...L• I 1 I I 1-LJ..... 

1 ILL 1 .. ~ _LL LLJ.....L L .. L.L 
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I I I I I I I I I I I I I I I 

I I I I _1 J 1 J 1 lJ I I I 

1 I I I I I -LJ.....I I I I I I 

ll_LllliJ I I I I l I _l I 

I I I I I I I I .L..l . 
I I I I I I I I I 

I I I I l I 1 _L _LL..l...-L I 

I I I I .L.L..LJ . ...L..L.L 

• _l___!_.L. . : ......... • L. LJ.....l. 1 J , I .L L J I .. l .1 
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2 OCT 70 P'GE 1 

fflank card) 
S MPLE UIPUT 

1 2~ 12 
-10000. 10000. -10000. 10000. -10000. 10000. 
z 80l 75. -36. 12. -150. o. o. BODY 
2 o. 72. o. o. o. 36. 
3 BOX 14!. -35. 13. -148. o. o. Cl.OI 
3 o. 70. o. o. o. 3~. 

~ ARB 75. -36. 12. 75. 36. 12. FROIH 

4 75. 36. 48. 75. -36. ~8. 

4 100 . o. 12. 100. o. 12. 
~ 100. o. 12. 100. o. 12. 
4 12H Ml5 6128 6231 7415 7415 ., ARB -75. - 36. u . -75. 36. 12. REAR 
5 -75 . 36. 48. -75. -36. 48. 
5 -100. -24. 12. -100. 2~. l2. 
5 -100. 24. zo. -100. - 24. zo. 
5 1234 5678 3487 1265 2376 1485 
6 Ell 20 . o. 48. -zo. o. lt8. 8U88l£ 

6 so. 
1 Ell 7 o. o. 48. 21t. o. o. (1.01 
1 14. 
8 RCC 60 . -36. 12. -o. 8. o. "HEEl 
8 12. 
9 llCC 60. 36. 12. o. - 8. o. WHEH 
9 12. 
10 llCC -60. -36. 12. o. 8. o. II~EEL 

10 12. 
11 RCC. -60. 36. u . o. -8 . o. WHEEL 
11 12. 
12 eox -70. -zo. 15. 40. o. o. ENGINE 
\2 o. 40. o. o. o. 30. 
13 RAW -70 . -zo. 45. o. o. -10. CENCINEI 
13 o. 10. o. 40. o. o. 
14 RAW -To. 20. 45. o. o. -10. CENGINEI 
14 o. -10. o. 40. o. o. 
15 ARB -10. -10. 45. -10. 10. 45. IENGINU 
15 -10. o. 35 . - 70. o. 15. 
15 -30. -10. 45. -30 . to. 45. 
l5 -30. o. 35. -30. o. 15 . 
15 312~ 7658 1315 2376 1265 1265 
16 ARS 
1 6 ~ 5 
16 -70. -20. 15. -10. -zo. 15 . 1 
16 -70. -20. 15 . -10. -zo. 15. 2 
16 -70. -zo. 15. 3 

16 -10. -20. 15. -10. -10. 15. 4 

16 -10. -10. 25. -10. -zo. lS. 5 
16 - 70. -20. 15. 6 
16 -30. -20 . 15. -30. -10. 15. 7 
16 -30. -to. 25. -30. -20. 35. 8 
16 -30. -zo. 15. 9 
16 -30. -20. 15. -30. - 20. 15 . 10 
16 -30. -20. 15. -30. -20. 15. 11 
16 -30. -zo. 15. 12 
11 ARS 
17 5 4 

l7 -10. 20. 15. -10. 20· 15. 1 
11 -30. 20. 15. -30. 20. 15 . 2 

FIG. 40. Listing of Sample Problem Input 
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2 OCT 70 PAGE 2 

17 -70. 20. 15. -10. 10 . 15. } 

l7 -30. 10. 15. -30. zo. 15. ~ 

17 -10. 20. 15. -70. 10 . 25. 5 
l1 -30. 10. 25. -30. 20. 15. 6 
11 -70. 20. 15. -70. 20. 35. 1 
11 -30. zo. 35. -30. zo. 15. 8 
17 -70. 20. 15. -70. 20. 15. 9 
17 -30. 20. 15. -30. 20. 15. 10 
18 REC. o. o. Zit. o. o. 28. TRUNK 
18 o. 7.5 o. s. o. o. 
19 SPH o. o. 52. 5. HEAD 
20 n.=c. o. -7.5 lt9. 20. o. -12 . ARM 
20 o. o. 3. o. 2. o. 
20 2. 
21 TEC. o. 7.5 ~9. 20. o. -12. AR" 
21 o. o. 3. o. z. o. 
21 z. 
22 TRC -2. -4.5 27. 32 . o. -12 . lEG 
22 3. 2. 
23 TRC -2 . 4.5 27. 32. o. -tz. t.EG 
Z3 3. 2 . 
24 TOR 21., o. 37. 1. o. o. STEERING 
24 a. 1. WliEfl 
25 ARB 21.5 -6. 33.5 21.5 6. 33.5 CENTER 
25 21.'5 o. 44. 40. o. H. STeeRING 
25 21.5 -6. 33.5 21 .5 b. 33.5 Wt'EEL 
25 21.5 o. ""· 40. o. 37. 
25 3127 2146 't328 l3lt5 3121 3127 

1 1 -2 -4 -5 -6 -8 -9 -10 -11 
2 OR 2 -3 -1 -a -9 -10 -llOR 40R 5 
3 6 -7 -2 
4 8 
5 9 
6 10 
1 11 
8 OR 3 -18 -19 -20 -21 -22 -B -24 -25 

-8 -9 -10 -11 -120R 1 -18 -19 -20 
-21 -24 -250R l30R l40R l50R lbOR 17 

9 3 12 -13 -14 -15 -16 -11 
10 OR 180R l90R 200R 2lOR 220R 23 
ll 3 24 -25 
12 3 25 
-1 

1 01 OUTSIDE Alk 
2 100 BODY 
3 101 8U8BLE .. 151 WHEEL RIGHT FRONT 
5 152 •HEEl lEFT FRONT 
6 153 WHEEl RIGHT REAR 
1 15 .. WHEEL LEFT REAR 
8 02 AIR INSIDE 
9 200 ENGINE 

10 300 f'AN 
ll 400 STEERING WHEEL 
12 401 STEERING StiAFT 

2 
37 11 1 1 

o. o. zoo. o. -500. 
o. o. 2. 

5l 37 1 1 
90. o. 200. o. -soo. 

(blank card) 
FIG. 40. Listing of Sample Problem Input (Concluded) 
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DATA CHECKSHEET 

CARD 10 PG PARA VALUE CARD ID PG PARA VALUE 
1 20 IRDTP4 16 USE 

20 IWRTP4 REGION 
20 ITESTG TABLE 
20 IRAYSK 

20 ICARD I 65 NRAYS 
17A 

NGIERR 21 IENTLV 65 
21 IVOLUM 

2 22 IT(I) 17B 66 XB(l) 

66 XB(2) 

66 XB(3) 
66 IRSTRT 

17C 67 XBF(l) 
3 23 NRPP 67 XBF(2) 

23 NTRIP 67 XBF(3) 
23 NSCAL 67 IRFIN 
23 NBODY 
23 NRMAX 17B 66 XB(l) 
23 IPRIN 66 XB(2) 
23 IRCH~ 66 XB(3) 

66 IRSTRT 
4 24 X(l) 

24 X(2) 17C 67 _XBEill 
24 X(3) 67 XBF(2) 
24 X(4) 67 XBF(3) 
24 X(5) 67 IRFIN 
24 X(6) 

5-15 USE 

BODY 

TABLE 
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DATA CHECKSHEET 

CARD 10 PG PARA VALUE CARD 10 PG PARA VAL UE 

18A 68 IR 

68 NG1ERR 

18B 69 XV(l) 

69 XV(2) 

69 XV(3) 

18C 70 XT(1) 

70 XT(2) 

70 XT(3) 

18D 71 X0(1) 

71 X0(2) 

71 X0(3) 

18E 72 XA(l) 

72 XA(2) 

72 XA(3) 

18F 73 DOD 

73 DT 

19 USE 

REGION 

!DENT 

TABLE 

20 77 NOAA 

77 IWOT 

77 !TAPES 

77 NAREA 
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DATA CHECKSHEET Grid Cell Description. Enter data for each attack 

angle desired. 

CARD 10 PG PARA VALUE CARD ID PG PARA VALUE 
21A 78 NX 21A 78 NX 

78 NY 78 NY 

78 IRSTRT 78 IRSTRT 

78 IENC 78 IENC 

78 NGlERR 78 NGlERR 

78 NSTART 78 NSTART 
78 NEND 78 NEND 
78 !CENTER 78 I CENTER 

21B 79 A 21B 79 A 

79 E 79 E 
79 ENGTH 79 ENGTH 
79 ZSHIFT 79 ZSHIFT 
79 GROUND 79 GROUND 

21C 80 XSHIFT 21C 80 X SHIFT 
80 YSHIFT 80 YSHIFT 
80 CELSIZ 80 CELSIZ 
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DATA CHECKSHEET Area Input. Enter data for each attack angle desired. 

CARD ID PG PARA VALUE CARD ID PG PARA VALUE 

22A 82 NX 22A 82 NX 

82 NY 82 NY 

82 IRSTRT 82 IRSTRT 

82 IENC 82 IENC 

82 NGlERR 82 NGlERR 

82 NSTART 82 NSTART 

82 NEND 82 NEND 

82 CELL UN 82 CELL UN 
82 AREA UN 82 AREAUN 

22B 83 A 22B 83 A 

83 E 83 E 

83 ENGTH 83 ENGTH 

83 ZSHIFT 83 ZSHIFT 

83 GROUND 83 GROUND 

22C 84 XSHIFT 22C 84 XSHIFT 

84 YSHIFT 84 YSHIFT 

84 CELSIZ 84 CELSIZ 
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N 

""" 

BODY TABLE 

USED FOR: 

BODY SCALARS AND VECfORS OF THE BODY 

( 1) 

NO. TYPE X y z X y 

I ~ 3 4 s • 1 8 9 10 II 12 13 I~ IS I& 11 18 19 20 11 2Z 2:t 2• 2s 26 21 2s 29 JO 31 32 33 :1' 35 36, J) 38 39 4() 1 u .0 ~ 45 .&6 41 ~ 49 ~ s 1 52 5J 54 ss ~ 57 sa 59 60 

I I I I I I I I I I I I I I I I I _1_ I I I I I 1 I I I I I I 

l__j_J_ . I I I I I I I I I I I I I I I J l_ I I I I 

I I I I I I I I I I I I I I I I 1 I L J I I I I I I 

I I I I I I I I I I I I LlL I I I I I 

I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

I I I I I I I I I ...L_t.....J._l__L~_ J _.L L..LL! I I I 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I L • .l ..LJ......L I I I I I I I 

I I I I I I I I I I I I I I I I I I I I I I 1 I I I I 

I I I I I I I I I I I I I I I I -L..l. • ...L.L..L. I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I 1 1 1 I I I I 1 I 1 I I I I 

I I I I I I I I II II I I I I 

I I 1 I I I I I I I I I I I I I I I I I I 1 l 1 I 1 I I I I 

I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I 

I 1 I I I I I .LL...Ll I I .L ~-W-L-'- 1 1 I I 

I I I I I I I I I I I .LL __l_.L_L I _j I I 

I _t_L...L . ...L.!....L.:.. .. t....LL.L.L .... L .L 1..1-l.. .. L "l-l..L L .L..J... • ..I.......LLJ • .l. _.L- -L • ..J....L.L .LJ....L.L L I I LL .L.L..J. 

(1) Must be left-adjus t ed e e 

z 

61 62 63 64 65 66 61 68 69 70 

I I I I I I I I 

I I I I I I I I I 

I I I I I I 1 I I 

I I I I I I I 

I I I I I I I I I 

I I I I I I 

I I I I I I I 

1 I I I I I I I 

I I I I I I I 

I I I I I I I I 

I I I I I I 

I I I I I I I I I 

I I I I I I I 

I I I I 1 I I 1 

I I I I 

I 1 I I I I I I 

I I I 

I I I I I I I I I 

I i I 

I I I I 

I I I I I I I 

Page of 

Dat e : 

DENTIFICATION 

11 12 13 74 75 '"-n 1e,_1s ao 

I I I I I I I 

I I I I I I 

I I I I I I I 

I I I I I 

I I I I 

I I I I I I I 

I I 

I I I I 

I I I I 

I I I I I 1 I I 

I I I I I I I 

I I I I I I 

I I I I I I I 

I I I I 1 I I I 

I I I I I 

I I I I 

I 

I I I I I I I I I 

I I I I I 

I I 

L L L I 

e 

I 
~ 
~ 
IJ1 
0\ 
IJ1 
1 
w 
1 

-..J 
...... 
< 
0 ...... 
H 



S"ZT 

1- . ~ ~ ~ 
,_ 

~ f- ~ 

~ ~ ~ 1-- ~ ~ .... '-
1-- 1-- 1-- ~ - .... f- >- 1-- 1-- 1-

1-- ~ 1-- 1-- ~ - f-. 

~ ~ ~ f- 1-- 1-- 1--

t ~ ~ - ~ ~ 1-- ~ ~ ~ 

1- 1-- ~ ~ ~ 1- ~ 1-- 1-- 1-- ~ 
i 1-- ~ ~ 1-- .... -
~ 1-- 1-- 1--1-- 1- 1-- 1- ' I-- 1-- 1-- 1-- f-

f. 1-- 1-- 1-- 1-- 1-- 1- 1- r- r- 1-- 1-- 1--

1- 1-- ~ 1-- 1-- ~ ~ 1-- ~ 
1-- 1-- 1--~ 1-- - 1-- 1- ~ 1-- 1- .... r-

~ 1- ~ 1- 1- 1-- 1- r- ~ 1-- ~ 1-- I- 1--

r 1-- ~ 1- r- 1- 1- r 1-- .... 1- 1-- 1-- 1--

I- 1-- 1- 1-- 1- ~ ~ ~ 1-- 1-- 1-

L ' 1--

~ 
- 1-- 1-- ~ - - f- - 1-- 1-- I-

- 1-- - r 1-- 1-- ,... 
~ 

f- - r r-
- 1-- f- 1-- -

F 
1-- 1-

t- - f- 1-- .... 1- -
I f- 1--~ 

; 
1- - 1-- - f- 1- - 1-- 1-- 1-

i- ~ f-1-- f- f-
r f- f- I 1.. f-

~ 1- f- 1- -I f-I ~ f- ~ f- 1-- r-

~ f- ~ r 1- 1- ~ f- :- f- -
L f ~ l 1-- L ~ 1 

L 1- 1,... 

L r - t-

~ 1-- f- f- r- r- r- 1-- 1-- 1--

~ f- ~ r- ~ 1--

L ' 
f- ~ 1-- .... ~ ~ I-

I t 1- ~ 1- ~ ~ 

~ ~ .... - ~ 1-
r 1-- 1-- ~ ~ 1- 1-- 1--

r- 1- ~ .... ~ 1-- ~ ~ 

~ 
..... >-

~ 
f- 1-- ~ - - 1- F - -- f- ~ f- ..... f- - 1-- ~ f- f- - - f- - - -
f- f- 1- - - -i 

~ ~ f- 1- ~ - - - - ~ 

1-- 1-- -r- 1- 1-- 1-- 1- ~ 
,_ 

~ 

t- 1-- 1- 1-- 1- 1-- - r f- 1-- --;- f- 1-- i- 1-- ~ ~ 

1- f- ~ ~ f- .... - r 

~ ~ 1- ~ r ~ - 1- 1--

1-- f- 1- 1-- 1-- f- 1- 1- 1-- 1- 1- - ~ 1- 1-
1-- 1-- 1-- ~ f- 1- ~ ~ f- ~ 1-- 1--
1- 1- 1-- ~ 1-- f- .... .... 1-- 1-- 1-- 1-
1- 1- ~ 1- 1- ~ 1- 1-- r- 1-- 1-- 1-- 1--

1-- 1-- 1-- 1-- f- f- 1- r r ~ 1-- 1-- 1-- 1-
r 1- f- ~ 1- 1- ~ 1-- 1- 1- ~ f- ~ 1-
1 1-- 1-- 1- ~ t 1-- f- f- 1- 1- 1- 1- 1- ~ 

1- 1-- 1--f- f- ~ ~ ~ ~ 1- r- r- r 
f- ~ 1- 1- .... 1- 1-- 1-

1-- f- 1-- ~ 1- 1- ~ 1- 1-
1-- 1-- 1- 1-- ~ ~ 1-- 1- 1-- 1-

1-- 1-- 1-- ~ 1- .... 1- 1--
f- ~ ~ ~ 1- 1- 1- f- 1- 1- 1--

1-- 1-- 1-- ~ 1-- 1- 1- 1-- 1-- 1-

I TOA TL-£-~9~VNL 

~ 1-- 1-- ~ 

~ 
~ 

1- ~ 1-- 1- r-.... 1-- 1-- ~ 

f- 1-- ~ 1-- . f-

~ ~ ~ 1-

~ ~ ~ 1-- ~ 

1-- ~ ~ 

~ 1- ~ ~ .... 1--
1-- f- 1-- .... ~ 1-

1-- 1-

f-. 1-- ~ 

1- 1-- 1-- 1-- 1-- -
1-- 1-- 1-- 1- r-
1-- I- ~ 1-- 1--

1- 1- r- 1- 1--

1- - 1-- ~ ,.. ~ 

f- f- 1-- ~ 

f- f- 1-- 1-
- f- f- f-

- 1-- f- 1-- 1-

- 1-- t 1--
f- f-

~ 
f- 1- ~ 

~ - 1- 1-
I 

~ ~ t -
1- 1- 1- r 
1-- -
1-- ~ ~ 1- -

1- 1- 1--

1-- f- 1- 1-
1-- .... 
f- ~ 

1- 1- 1- 1--

1--

f- '-

- 1-- f- - 1-

~ 1- - ..... 
f- 1-

-
..... 1- 1-- 1-- f- f-
- 1-- 1-- 1- -

1- 1-- 1-

1- 1-- 1- 1- - ~ 

1- 1-- 1-- ~ 1- >-

1-- ~ 1-- 1- f-
~ f- f- 1--

~ 1-- f- ~ 1- r 

1- 1-- 1- f- f- f-

1-- 1- ~ f- f-
f- 1-- ~ 1- 1- f-
1-- 1- f- ..... 
1-- - f- 1- f- f-
1- 1- 1-- f- f- f-
f- f- 1-- 1- f- f-
1- 1- ..... f- 1-

1- - 1-- 1- -
1-- 1-- 1- 1--

l REGION ,.... 
... NUMBER .. 
"' 

I-... OR ... 
"' +OR-
0 

BODY = ;::; )NUMBER -
..: I 

;;: iOR 
;; 

I+ OR -;::; 
.;; 1 BODY 
;;; NUMBER .::.: 
~ OR ...... 
...... 

+OR-.... 
...... 
~ 

::;: BODY 
:;;( 

:::! 
)NUMBER 

...... 
' .. 
iOR ::g 

!5 I+ OR -~ ... I BODY ...... ... jNUMBER .... 
~ ... 
U' OR ~ 

~ :+ OR -Iii: 
!BODY .... 

"' !s !NUMBER ~ 

~ . ...... OR ... 
t 
t;. ,+OR-
~ BODY 
~ 

-~ NUMBER 
t; 
~ 

"' OR !:'; 
~ ' 
V' !+OR-...... I 
:::; ' BODY 
~ 

"" NUMBER 
"" !l; 

OR !!: 
~ !+OR-:t; 
.... 
0 BODY 
"" - NUMBER .... ...... 
~ 
~ OR 
.... 
"' +OR-8: 
~ BODY 
g: ... NUMBER 
"' 
~ H 
:::: t:1 .... ttj ...... .z .... >-'3 ... 
~ H 
.... >:rj 

"' H 

~ 
("') 

~ 
~ H 

0 ... .z 
!! 

c:: 
(/) 

ttj 
t:1 

>:rj 
0 
:;d 

~ 
<;) 
H 
0 z 
>-'3 

~ 
t"' 
ttj 

t:1 "d 
Ill Ill 
rt ()!) 
ro ro 

0 
HI 

e 

e 

e 

-- J 



...... 
N 

"' 

t? 
c 
!n 
Cl 
0 
< 
m 

"' z 
~ 
m 
z ... 
..., 
"' z 
:::! 
z 
c;) 

~ 
~ 
n 
!!' 

~ 
I 

I 
~ ... 

USED FOR: 

REGION 
NUMBER 

I \ 3 4 5 oi\ 7 8 9 IC 

__.1 I I I I 

I I I ' I 

I I I I I 

I I I I I 

I I I I I I 

I I I I 

I I I I I I 

_1_1_ tl I 

I I I I I 

I I I I I I 

l I l I I I I I I 

I I I I I I 

I I I I I I 

I I 

I I I I 

I I I I 

I I I I I I I 

I I I I I I I 

' I I I I I I 

1 I I I L _I I 

I I 

e 

ITEM CODE 

II \2 13 I~ 15 I& 11 18 19,20 

I I I I 

I I _1 

I I I I I I I I I 

I I I I I I I 

L..l.. I I I I I I 

I I I I I I 

I I I I 

I _ill_ I I I 

I I l I I I I I 

I I I I I 

I I I 1 I I 

I I I I I I 

I I I I I I I I 

I I I I I I I I I 

I I I I I I I 

I I I I I I I I 

I I I I I I I I I 

I I I I I I I I 

I I I I I I 11 

I II I I I I I 

. I ' I : .. L...Ll . ..L.L 

REGION IDENTIFICATION TABLE Page of 

Date 

AIR SPACE 
CODE BLANK ALPHAMERIC DESCRIPTION OF REGION I DENT 

2\~t 2~ H 25 26 21 28 29 30 31 32 33 )( 35 36, 37 38 39 4() I I 42 43 ~ 45 .16 41. -18 49 ~51 52 53 54 55~ 57 5S 59 &0 61 61 63 64 6S 66 6\68 69 70 71 72 73 74 75 76 17 71,79 10 

I I I I I I I I I I t I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

• l I _l .1 l L.1........L..L _L I I I I I I I I I II I I I I l I I I I I I I I II I I 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

I I ' I I I I I I I I I I I I I I I I I I I I I I I I I I I 

I I I I I I I I 1 I I L I I I I I I I I I I I I I I l 1 I I I l I I I I I I I I 

I I I I I I I _l I 1 1 _l _l_ L _1_ _l _I l_ 1 1 I J I I l I I I I I I j_ J l I I I I 1 

I I I I I I I I I I I I_J,_J _L r-l.....LJ.. L-LL I I I I L.l_ I I I I I I I I I I I I I I I -
I I I I I I 1 1 1 1 _1_ 1 1 1 1111 11 Ill I I I I I I I I I I I 

I I I I I I I I 1. 1 . J...Ll-..L. I I I I I I I I I I I I I I I I I I I I I I I I I I I 

I I I I l I I I I I I I .....LJ I I I I I I I I I I I I I I I I I I I I I I I I I l I I I I 

I I I I I I I I I I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I l I I I I I I I I I I I l l l I I I I I I I I I I I 1 

I 1 I I I I I I I I I I 1 I I I I I 1 I I I I I I I I I IILlLJILIIIIIII I I l 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I J I I I I I I I I I I 

I I I I I I L..LL.i... 1 I 1 1 l _j _l _I 1 _I 1 I I I I I I I I 

I I I I I I I I I I I I l t . .lllllllll I I L 

L I I I l 1 1 I I I I I 1 I I I I I I I I 

l J I I l I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I 

I I I_L_LI 1 I I __1_ 1 I I I I I I I I I I I I I I I I I I I I I I I I I I 

I I l I I I 1 _I _1 I I _ I I I I I I I I I I I I I I I 

J J . I .l..J. L .Ll.L.._ L _l_J... .L-J......L l..LL -L • ..L.L...L..t..J...L I I I I LLI I I I I ..Ll I I I I I I I I I I I ..L.L I 

• e 

;e 
~ 
IJ1 

"' IJ1 

' w 
I 

'-1 
...... 

< 
0 
...... 
H 


